




THE 

MIRACLE 

OF THE 

HUMAN BODY 

BY HARRY ROBERTS 



ODHAMS PRESS LIMITED 

LONG ACRE, LONDON, W.C.2 



CONTENTS 


Chapter I. THE FRAMEWORK OF THE HUMAN BODY 

Chapter II. MUSCLES AND JOINTS 

Chapter III. THE BLOOD AND ITS CIRCULATION . 
Chapter IV. LYMPH AND LYMPHATIC GLANDS . . 

Chapter V. FOOD, DIGESTION AND NUTRITION . 
Chapter VI. WHY AND HOW WE BREATHE . . . 

Chapter VII. THE SKIN AND BODY TEMPERATURE . 

Chapter VIII. THE NERVOUS SYSTEM 

Chapter IX. INTERNAL SECRETIONS 

Chapter X. THE KIDNEYS AND HOW THEY WORK . 
Chapter XI. THE SENSES AND SENSE ORGANS . . 

Chapter XII. REPRODUCTION AND SEX ... . 

Chapter XIII. MIND, BODY AND INHERITANCE . . 

Chapter XIV. THE STORY OF EVOLUTION . . . 

Glossary of Terms . 

Index 


PAGE 

4 

3i 

69 

105 

113 

142 

160 

171 

210 

222 

235 

258 

272 

300 

364 

380 






CHAPTER I 


THE FRAMEWORK OF THE 
HUMAN BODY 

STRUCTURE OF VERTEBRATES: BONES OF THE SPINAL COLUMN: THE SPINE 
AND ITS CONNEXIONS: BREAST BONE AND RIBS: BONES OF THE ARM 
AND HAND: PELVIS AND SACRUM: BONES OF THE LEG AND FOOT: STRUCTURE 
OF THE SKULL: SKELETONS OF MAN’S ANCESTORS: COMPOSITION OF BONE 


The skeleton (Fig. i) is an internal sys- 
tem of bones, bound together at joints by 
ligaments and tendons, which determines 
and maintains the shape of the body, and 
helps to protect the delicate tissues and 
vital organs. It is made up of over two 
hundred bones of various sizes. 

These bones, as well as the other parts 
of the body, have Latin names which, in 
many cases, will be new to the reader. 
Science has a habit of giving difficult and 
unfamiliar names to simple and familiar 
things. An explanation of the scientific 
terms used will be found in the glossary 
at the end of the book. 

For some animals such a framework is 
unnecessary; the amoeba oozes through 
life without a skeleton, yet even it is held 
together by the structureless capsule at its 
surface which we call the cell membrane. 
The higher we move in the animal scale 
the more essential does some kind of skele- 
ton become in order to support the body. 

Vertebrate Animals 

Man belongs to the highest group of 
animals, the vertebrates, or animals dis- 
tinguished by having a spinal column. 
Skeletons are not unknown in invertebrate 
groups, but they usually take the form of 
an outside armour or husk, such as the 
shell of the snail or the horny wings of 
beetles, rather than in internal framework. 
External armour of this kind occurs even 


among many of the lower vertebrates. 

The reason for this is not far to seek. 
The vertebrates as a whole are an agile 
company given habitually to rapid move- 
ment. If the body is encumbered by 
armour plating, movement is hampered 
and speed reduced, as the knights of the 
Middle Ages found to their cost. An in- 
ternal skeleton, with a backbone to which 
limbs are attached, makes for activity. 

A Primitive Vertebrate 

The vertebrate pattern may be seen in 
its simplest form in a strange fish-like crea- 
ture, the amphioxus , a small, translucent 
organism which swims in tropical marine 
waters but spends most of its life half 
buried in the sand— a habit which sug- 
gests that complete freedom of movement 
is still a little foreign to it. It has no real 
skeleton; but along its back, and running 
the entire length of its body, is a structure 
called a notochord , a long tube filled with 
a jelly-like substance enclosed in a tough 
sheath, which provides it with firm but 
flexible support. Above the notochord lies 
a definite nerve cord, comparable with the 
spinal cord in man, and the body muscles 
are arranged in segments along the length* 
of the notochord. ' 

Similar segmentation can be traced in ■ 
the human embryo during the early stages 
of its development, and is echoed in the 
arrangement of the vertebrae of the spine. 
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Fig. 2. Side view of the spine and front 
view of its last bone , the coccyx. i 3 Seven 
neck {cervical) bones ; 2 , twelve chest (dorsal 
or thoracic j * bones ; 3> five l oin (l umba r) 
bones; 4 , five bones of base of spine (sacral) 
forming the sacrum ; 5, four tail ( coccygea l) 
bones; 6, coccyx , which is all that modern 
man possesses by way of a tail. 


In higher animals the notochord is re- 
placed by the backbone, of which it is the 
predecessor in evolutionary development. 

Prodigal though Nature may appear in 
some ways, she is fundamentally economi- 
cal, not to say parsimonious. Far from 
being specifically designed to carry out his 
various functions, man is structurally a 
complicated patchwork of gadgets taken 
over from remote ancestors. When the 
first amphibians tried to quit the primeval 
slime, they had hardly a lung to breathe 
with, their circulatory systems were shock- 
ing and incompetent makeshifts, they were 
deaf and very stupid. The determination 
shown by their descendants, the reptiles, 
to become full-blown land animals might, 


one would have thought, have induced 
Nature to provide them with a bodily struc- 
ture on an entirely new model. Instead, 
she contented herself with a few ingenious 
improvements; she moved a bone here, 
added a partition there, and generally 
made do with the material to hand. And 
so the process has gone on throughout the 
ages; cvefy sort of temporary stopgap ar- 
rangement has been adopted— and oddly 
enough most of them have worked. Man 
is the final product to date of this system. 

The human skeleton is not only de- 
signed to make movement easy and brisk, 
but is also partly protective. The brain, 
man’s most valuable possession, is en- 
closed in a bony box; the heart and lungs 
arc protected by a cage formed by the ribs 
and breast bone; the bones of the hip 
girdle have broad, flat wings which help to 
protect the important organs in the lowei 
part of the abdomen. 

The Spine 

The line of the spine (Fig. 2) in a four- 
footed vertebrate usually shows a slight 
upward curve in the region of the neck to- 
wards the head, while the back forms a 
rounded arch supported in front and be- 
hind by the limbs, which act as pillars to 
the arch. The fact that man stands upright 
has changed the line of his backbone; to 
get his centre of gravity over his hip joints 
he has developed a forward curve of the 
spine just above the pelvis. 

The average length of the entire spine 
(Fig. 3) in man is only twenty-six inches, 
but it is made up of more than thirty 
bones, as follows: — 

Seven cervical or neck ve rtebra . 

Twelve dorsal or thoracic vertebrae. 

Five lumbar vertebra. 

Five sacral vertebrae, fused together to 
form the sacrum. 

Four or five coccygeal or tail vertebra. 

The first two bones of the spinal column 
differ from all the rest. The top one is 
called thejglas, after the giant of classical 
mythology who was supposed to bear the 
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Fig. 3. B<3c^ view, showing how the spine joins up with other hones. 1, Collar hone {clavicle); 

2 > shoulder blade {scapula); 3, main bone of the arm {humerus); 4, ribs; 5, backbone {vertebral 
column); 6, pelvis; 7 , base of spine {sacrum); S, thigh bone {femur). The backbone } or vertebral 
column , in man is about twenty-six inches long. It is the possession of a backbone which 
distinguishes the vertebrates 3 the highest class of animal , from other groups. 
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RADIOGRAPH OF CHEST 

Notice the small flat handle of the breast bone to which the collar bone and the first rib 
are attached . The next six ribs are attached to the middle part of the breast bone in front , 
and to the backbone behind. As we breathe in, the ribs rise upwards and outwards , increasing 
the space inside the cavity of the chest; as we breathe out , the ribs sink downwards and inwards , 
reducing the volume of the cavity and so driving air out of the lungs. These actions , similar 
to those of bellows, are carried out by muscles. The spaces between the ribs are also filled inby 
muscles, which prevent the ribs being sucked in or blozvn out during breathing 
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orld on his back. It carries the skull, and 
a simple ring of bone with two slightly 
)ncave surfaces on its upper aspect, upon 
hich rests the base of the skull. These 
irfaces are covered with a thin glistening 
yer of cartilage or gristle, and the bony 
irfaces~ofthesku^ they are in 

>ntact are covered in the same way, an 
rrangement which enables the two adja- 
mt surfaces to slide easily upon one 
aother so as to allow the head to nod 
ackwards and forwards. 

One curious feature is found in the 
:las which is absent from the other verte- 
rse; the hole through the centre of the 
one is divided vertically into two by a 
Tong ligament. In the larger of the two 
avities thus formed lies a prolongation of 
le brain, the medulla^blongata, which is 
antinuous with the spinal cord below; 
ito the smaller cavity, which lies in front, 
spike of bone called the odontoid process 
rojects upwards from the second vertebra 
nd makes a pivot on which the head can 
jrn from side to side. 

Cervical Vertebrae 

The second vertebra, of which the 
dontoid process is a part, is called the 
xis. Below it are five more cervical or neck 
ertebrae (Fig. 2) which have a distinctive 
hape unlike that of the atlas and axis, 
iach forms a bony ring, but the ring is 
tiickened in front into a solid lump of bone 
ailed the body , and prolonged behind into 
process called the spine jof the vertebra. 
it each side of the ring are l atera l proce sses 
f bone, which have cartilage-covered sur- 
accs jointing them to the vertebra: below 
nd above. These joints between the verte- 
>ra: allow us to bend and twist our necks. 
The possession of seven cervical vertebrae 
s a distinguishing characteristic of mam- 
nals, all of which, whatever their length of 
leek, have the same number. 

Below the seven cervical vertebrae are 
welve dorsal vertebrae (Fig. 2) which are 
imilar in shape, but with rather longer 
pinous processes behind and more solid 
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bodies in front. If you run your finger 
down your back you can feel the tips of the' 
dorsal spinous processes standing out like 
a row of beads. Twelve pairs of ribs spring 
from the twelve dorsal vertebrae; they are 
joined to the lateral processes of the verte- 
bra: behind and curve round towards the 
breast bone in front. 

Joints of the Vertebrae 

The joints between the dorsal vertebrae 
are exactly the same as those between the 
cervical vertebrae; they allow us to move 
our backs forwards, backwards and side- 
ways. Movements of the back and neck are 
not unlimited; only contortionists can 
bend far enough backwards, for example, 
to look up at their friends from between 
their legs. This limitation is due to the fact 
that the bodies of the vertebrae — the solid 
pieces of bone at the front of the vertebral 
rings — arc also jointed together, but in a 
much firmer way than are the lateral pro- 
cesses. Between the body of one vertebra 
and that of the next there is a thick solid 
pad of cartilage interlaced with fibrous and 
clastic tissue — fibrocartilage it is termed 
—and this ties the vertebrae together 
firmly, though not immovably. Thus we 
have a spine which is a support and which 
allows a certain amount of play. 

Below the dorsal vertebra: are five 
lumbar vertebrae (Fig. 2), of which the 
bodies are large and solid and the spinous 
processes short and thick. They lie in the 
small of the back, and are stout and strong 
because they transmit the weight of the 
body to the pelvic girdle and the legs. 
Below them, the next five vertebra: take an 
unusual form, their bodies and their lateral 
processes being fused together to form a 
stout triangular bony mass, called the 
sacrum (Fig. 3). To each side of the sacrum 
the bones of the hip girdle are strongly 
fixed by fibrocartilaginous joints. Below 
the sacrum lies all that is left to us of a tail 
— four, sometimes five, little ipdifLjg of 
bone, so much modified that they hardly 
bear the characteristics of vertebrae at all. 
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The spinal column then is a series of 
bony rings lying one above the other and 
jointed together. The spina l ^cord runs 
through the canal formed by the cavities of 
the rings, just as a string runs through a 
set of i beads. It is thus effectively pro- 
tected, being enclosed by the strong yet 
supple column formed by the vertebrae. 
Only rarely is this bony defence damaged 
sufficiently for the spinal cord, which is 
essential to life, to come to harm. 

We have seen that each of the dorsal 
vertebrae bears a rib and that these ribs 


are jointed to the lateral bony processes of 
the vertebrae. They bend round like the 
hoops of a barrel (Fig. 4), and each is com- 
pleted in front by a strong piece of cartil- 
age, about two inches long, which attaches 
the rib to the breast bone. In the case of 
the upper seven ribs the cartilages are 
attached directly to the breast bone itself; 
the next three cartilages join the cartilage 
of the seventh rib on each side, and the 
last two ribs, tipped with cartilage, are not 
attached in front at all, but only to the 
spine. They are called free, or floating, ribs 



MOVEMENT OF RlfcS 



Fig. 5. Side view of chest and front view of breast bone. /, Cartilage of rib; 2 , bone of 
rib, 3, top part of breast bone to which collar bone and first rib are attached ( manubrium , or 
handle); 4, blade of breast bone , to which next six ribs are attached; 5, cartilage tip at lower 
end of breast bone ( ensiform cartilage). 

The breast bone or sternum (Fig. 5) is the ribs that they are not intended to be 
a short, flat structure, shaped like the fixed or immovable. If they were, we 

sword of a Roman soldier. It consists of could not breathe. As we breathe in, the 

three parts. The top part, called the ribs rise upwards and outwards, thus in- 
handle, or manubrium, is a flat piece of creasing the space inside the cavity of the 

bone about the size of a penny; to this thorax, or chest; as we breathe out, the 

the collar bone and the first rib are ribs sink downwards and inwards, reduc- 

attached. The middle part has attached ing the volume of the thoracic cavity and 

to it the cartilages of the next six ribs. The driving air out of the lungs. The process 

tip of the breast bone is itself a piece of is exactly similar to the action of a pair of 

cartilage, and can be felt*in the notch bellows, and is carried out by means of a 

between the lower ribs in front. The car- series of muscles, 

tilage of the seventh rib on each side is In primitive vertebrate animals and 
att ^" le ^ P artl y t0 t ^ ie tip an ti partly to the many reptiles ribs are numerous and are 

mi die portion of the breast bone. found jointed to every vertebra above the 

It will be seen from the arrangement of tail. Since we have found it convenient 
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Fig. 6 . (Above) Upper, (below) lower, 
surfaces of collar bone, i, Shoulder blade 
end ; 2, breast bone end. 


to develop a freely movable head with 
a thin flexible neck, ribs have become 
unnecessary to us in the cervical region. 
We have also got rid of them in the ab- 
dominal region, though it is not clear why 
unless it is because trunk movements are 
thus made much freer. In fish, where they 
first originated, ribs were used to support 
the powerful body muscles; Nature, with 
her talent for making old structures serve 
new purposes, has converted them in 
mammals into part of the mechanism 
which they use in breathing. 

Each rib has a head, a neck and a shaft. 
The head is the part attached to the verte- 
brae behind (Fig. 3). The shaft is the flat 
curved band running round the chest wall, 
and the neck is the short, narrowed part 
intervening between shaft and head (Fig. 
4). The first rib is short and broad; below 
it, each successive rib becomes longer and 
wider in its curve until we come to the 
seventh, after which the ribs become pro- 
gressively shorter. The floating ribs are 
usually quite short, the twelfth being often 
shorter even than the first rib. 

The arms are attached to the thorax by 
an arrangement of two bones, the collar 
bone, or clavicle (Fig. 6), and the scapula, 
or shouISer blade (Figs. 7 and 8). llic 
collar bone is a tough curved bone with a 
double bend in it, like an old-fashioned 
letter S. It is attached in front to the upper 
part of the breast bone, and can be felt 
running under the skin to the tip of the 
shoulder. Here it is jointed to a strong 
hook of bone, the acromion process (Fig. 


8), belonging to the scapula. This bony 
junction forms a protective prominence 
above the shoulder joint, and no doubt 
saves us from many injuries to what is 
otherwise rather an exposed structure. 

In animals which employ their shoulder 
joints chiefly for running straight ahead, 
such as the cat, dog and horse, the clavicle 
is poorly developed or absent. In man it 
serves as a prop to keep the arm at the 
side of the body, where it is most useful. 

The scapula is a flat, triangular plate of 
bone lying at the back of the upper part of 
the thorax, and kept in position by various 
bands of muscle which allow it a great deal 
of play. Crossing the scapula near its upper 
angle is a strong ridge of bone, called the 
spine of the scapula (Fig. 7), which termin- 
ates in the acromion. At the upper and 
outer angle of the scapula is another 



0 scapula ). 1, Spine of shoulder blade ; 2 , 
socket for shoulder joint. 



BONES OF THE ARM 


process of bone, forming a hook, which is 
called the coracoid process (Fig. 8); and 
just below this is the socket for the shoul- 
der joint, a shallow saucer-shaped area, 
lined with cartilage. In this socket lies the 
rounded head of the humerus, the first 
long bone of the arm (Fig. 9). 

The Humerus 

The head of the humerus is so freely 
movable in this cavity that we are able to 
perform a very wide range of movements 
indeed at the shoulder joint; if we could do 
as much with our hips as we can with our 
shoulders we should all be candidates for 
the Russian ballet. This freedom of move- 
ment has great advantages in gymnastics, 
ball games, swimming and many manual 
activities. It has, however, one serious dis- 
advantage; movement is free only because 
the socket into which the head of the bone 
fits is shallow, and though the humerus is 
tied into position bv strong ligaments, 
these are not proof against severe mechani- 
cal strain. Dislocation of the shoulder 
joint is not an uncommon accident. The 
hip joint, as we shall see, is a much more 
solid and stronger affair. 

The humerus (Fig. 9) has a long, strong 
shaft broadening out below to form a joint 
with the bones of the forearm. Two sur- 
faces on the humerus take part m this joint 
and they are perfectly suited to their pur- 
poses. One is a rounded knob; the other is 
shaped like an empty cotton reel with, 
above it on the back aspect of the bone, a 
deep notch or cavity. The two bones of the 
forearm (Figs. 10 and 11), the radius and 
ulna, are designed to fit on to these two 
surfaces. The radius, which is on the outer 
side of the forearm, has a round, button- 
shaped head with a shallow fossa or cavity 
on its upper surface. This FossaTfits on to 
the rounded nodule of bone at the lower 
end of the humerus. The other bone of the 
forearm, the ulna, has a beak or hook, the 
ol ecranon process, at its upper end, which 
fits over the surface shaped like a cotton 
reel. When the arm is straight the tip of the 



Fig. 8 . Outer surface of shoulder blade . 
1 , Hook of bone at joint of collar bone ana 
shoulder blade ( acromion process ); 2, beak- 
shaped bone extending from shoulder blade 
towards breast bone ( coracoid process ); J, 
socket for shoulder joint. 


olecranon fits neatly into the cavity oa the 
back of the humerus, and when the arm 
bends it slides round the joint surface, 
acting like a hinge. 

But the elbow joint does not merely act 
as a hinge; wc can perform another set of 
movements at this joint, by means of 
which we can turn the palm of our hand so 
that it faces either downwards or upwards. 
These gestures are called, respectively, 
pronation and supination; pronation oc- 
curs whcn we turrTthe palm face down- 
wards, and supination when we turn the 
palm upwards. These two movements are 
performed at the elbow joint by the move- 
ment of the head of the radius on the 
rounded ball at the lower end of the hu- 
merus. The arrangement allows great 
liberty to the forearm. 

The radius and ulna lie side by side in 
the forearm when the hand is in the pro- 
nated position. In supination the radius 
pivots on the lower end of the humerus and 
its lower end crosses to the front of the 
ulna near the wrist. It is this twisting 
movement which actually turns the hand 
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In the' region of the elbow joint the of the ulna as far as the styloid process, the 
radius is the smaller of the two bones; the bony knob at the inner border of the wrist, 
olecranon process of the ulna is a much At the outer side of the wrist you can feel a 
more solid affair. Near the wrist the rela- corresponding knob on the radius, but you 
tive sizes of the two bones are reversed: the cannot follow the 'radius up to the elbow 
radius has a broad, strong lower end which joint because it is thickly covered by 

muscles. 

At the wrist, the radius 
forms one joint with the 
ulna and another with the 
bones of the carpu s (Fig. 
12). These are eight tough 
stocky little bones packed 
in between the forearm 
and the hand; they are 
irregular in shape and 
range from the size of a 
pea to that of a filbert. 
Where the first row is 
jointed to the radius there 
is free hinge-like move- 
ment; and the bones of 
the carpus themselves are 
jointed together in such 
a way as to provide a 
pliable area between the- 
hand and the wrist in 
which a good deal of 
movement can take place 
(Figs. 12, 13 and 14). 

71 On the hand side (Fig. 
12) the carpal bones are 
jointed to the five meta^ 
carpal bones, one of 
wfucli corresponds to 
each finger. The meta- 
carpals (Figs. 13 and 14) 
Fig. 9. (Left) Front view and (right) back view of main are miniature long bones 
bone of the upper arm (humerus). 1 , Head which lies in the each ending in a rounded 
socket of the shoulder blade ; 2, shaft; 3 and 4 , rounded knob head which is jointed to 
(external condyle) and notched surface (trochlea) forming the first phalanx of its 
parts of joint with forearm; 5 and 6, outer part of condyle appropriate finger; upon 
(radial epicondyle) and notch of trochlea (olecranon fossa). t t j iem t j ie p a j m 0 f t jj e 

forms the greater part of the joint at the hand is constructed. Small muscles lie 

wrist, and the ulna ends in a comparatively between them, and the long tendons of 

rhin spike which takes no actual part in the the fingers cross them to reach the three 

wrist joint. If you run your finger from the small bones, the phalanges, of which each 

elbow down to the wrist on the inner side finger is made up. In the thumb only two 

of your arm you can feel the whole length such bones are present. The terminal 
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>halanges of all the digits are rounded 
tnd roughened and carry in life the 
mlpy tip of the finger and the nail bed. 

Our limbs are made on a very old pat- 
ent; they tally, almost bone for bone, 
vith those of the primitive amphibians, 
txcept that with amphibians the number 
)f digits varied. Primitive vertebrates had 
tony, scales on their skins to protect them, 
•eptiles replaced these with horny scales, 
ind we have retained just enough of that 
protective layer to guard the tips of our 
ingers as naift. 

The hip girdle (Fig. 15) is formed by 
he sacrum and two large irregular bones 
irmly jointed to it on either side. The eld 
inatomists despairingly called these two 
he “innominate” bones (Fig. 16), their 
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f wrist ( styloid process ); 4, bony prominence 
projecting at the elbow ( olecranon ). 
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imagination failing to conjure upanyobject 
to which they could be said to hatfe even 
a remote resemblance. 

The two innominate bones bend round 
to form, with the sacrum, a ring or basin 
called the pelvic cavity (Fig. 15). At the 
back and sides they fan out into those 
wings which we can feel easily beneath 
our own skin, and which we call our hips. 
Below and behind they are prolonged into 
two tough prominences, the ischial tuber- 
osities (Fig. 15), which are covered below 
by a thick pad of fat and which take the 
weight of the body when we are sitting. 
Towards the front each innominate bone 
divides into two bars which unite again 
near the mid-line. The two innominates 
meet in front and are fixed together by a 



Fig. 11. Back view of bones of forearm. 
1, Knob at wrist ( styloid process); 2, part 
of elbow joint ( coronoid process); 3, bone of 
elbow ( olecranon ); 4, bones of elbow joint. 



l6 FRAMEWORK OF THE HUMAN BODY 


pad of fibrocartilage. In the outer side of 
each innominate there is a deep round cup, 
the aceta bulum (Fig. 16), which is the 
sodcet fSr thelup joint. Actually each in- 
nominate is not a single bone at all; in 
early life it is composed of three bones 
which become welded together at puberty. 

The pelvic cavity is smaller in man than 
in woman, because in childbirth the head 



Fig. 12. Bones between wrist and fingers 
[carpals). The bones of the hand are named 
n accordance with their shapes, i, Unciform 
?r hook-shaped; 2, os magnum or large bone; 3, 
trapezoid; 4 , trapezium or diamond-shaped; 
5, pisiform or pea-shaped; 6, cuneiform 
nr wedge-shaped; 7, semilunar (. shaped like 
1 half -moon); 8 , scaphoid or boat shaped; 
) and 10, bones of forearm ( radius and ulna); 

11, upper bone of thumb (1 metacarpal ). 

ind body of the child must pass through 
his bony canal. If the pelvic cavity is too 
larrow, or if the head of the child is ex- 
:eptionally large, it may not be possible 
br natural birth to take place, and in such 
rases it is nowadays customary to perform 
raesarean section, that is to remove the 
rhild through an opening made in the 
nother’s abdominal wall. The pelvic 
ravity has a muscular floor, and provides 


a stout protection for the organs which 
lie in it; these are the.hladder and rectum , 
and, in the female, th e uter us and ovaries . 

Fitting into the acetabulum, the socket 
on the innominate bone, is the head of the 
femur (Fig. 17), the first bone of the leg. 
'"This is the stoutest long bone in the body, 
and well it may be, for it has to carry a 
great deal of weight. The head of the 
femur, like the head of the humerus, is 
rounded, but whereas in the humerus the 
rounded area is comparatively small, in 
the femur the head forms nearly a whole 
sphere and fits deeply and tightly into its 
socket, where it is held by powerful liga- 
ments. The head sticks out on a well- 
marked, sturdy neck, set at an angle to the 
main shaft of the bone; at the shaft end 
this neck is overhung by a thick ridge of 
bone, the great trochanter, to which several 
muscles are attached The strong, power- 
ful shaft of the femur terminates below in 
two rounded joint surfaces, the condyles 
of the femur, which form a joint with the 
head of the tibia or shin bone (Fig. 18). 

The Tibia 

The tibia corresponds to the ulna in the 
forearm, but is a much more solid bone. 
The top is broad and flat with two shallow 
saucer-like areas upon it which come into 
contact with the condyles of the femur 
above to form the knee joint. The tibia 
has a strong straight shaft with a sharp- 
edged anterior border, which can be felt 
running down under the skin of the leg. 
The shin, as we call this border, has all 
too many nerve endings sensitive to pain. 

At its lower end the tibia broadens and 
forms the bony prominence, the internal 
mall eolu s, which can be felt at the inner 
side of the ankle; it also plays a large part in 
forming the ankle joint. In this it differs 
from the ulna, which has no part in the 
wrist joint. On the outer side of the tibia 
lies the fibula (Fig. 18), which corresponds 
to the radius in the forearm; it is a light 
strip of bone taking no part in the knee 
joint, though it is jointed to the tibia at its 
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upper end, At its lower end it helps to 
form the ankle joint; the bony process at 
this lower end, the external mafleolus, can 
be felt beneath thiTslun, but the rest of 
the fibula is embedded in the thick layers 
of muscle which surround it. 

One more bone contributes to the knee 
joint, the patella or knee-cap (see Chapter 
II), a flat disc of bone in the front of the 
knee; it lies in the substance of a tendon, 
that of the thick band of muscles on the 
front of the thigh. 

Tarsal Bones 

Corresponding with the carpal bones of 
the hand there are seven tarsal bones in the 
foot (Figs. 19 and 20). They are much 
more solid and distinctive than the bones 


as a thick tough cord under the skin 
just above the heel. The heel bone slopes 
downwards and backwards from the astra- 
galus and so forms the posterior pillar of 
one of the arches of the foot. The anterior 
pillar is formed by the swelling at the base 
of the big toe, and the top of the arch 
consists of the scaphoid and the other 
bones of the tarsal group. 

In addition to the scaphoid, the astraga- 
lus and the os calcis, there are four other 
bones in the tarsus (Fig. 19), the cuboid 
and the three cuneiform bones, which fit in 
between the rest of the tarsus and the five 
metatarsal bones. The metatarsals corre- 
spond to the metacarpal bones in the hand. 
They are miniature long bones, of which 
the first and fifth deserve special mention; 


of the carpus, for they 
have to transmit the 
entire weight of the body 
to the feet. Only one of 
them, the astragalus 
(Fig. 19), is jointed to 
the tibia and fibula. 
It is a stout, rather 
square block of bone with 
a curved convex joint- 
surface above. The two 
malleoli (Fig. 18) clip 
down over the astragalus 
like a pair of tongs, form- 
ing a close, strong joint, 
well designed for weight 
bearing. Below, the astra- 
galus rests upon the heel 
bone, the os calcis, and 
in front is jointed to 
another of the tarsal 
bones, the scaphoid. 

The os calcis is the 
1 largest bone of the tarsus 
| and is situated at the very 
I back of the foot; to this 
f bone the stout tendon of 
Ithe calf muscles, the 
I tendon of Achilles (see 
I Chapter II), is attached. 
I This tendon can be felt 
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Fig. 13. Bones of the right hand , back surface, r, Trape- 
zoid; 2, trapezium ; 3, scaphoid ; 4, semilunar; 5, cuneiform ; 
6, pisiform; 7, unciform ; 8 , os magnum. 
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the first is the strong bone, the head of 
which forms the anterior pillar of the arch 
3f l he foot; the fifth inetatarsal has an un- 
•xpectedly thick strong base, which helps 
to carry weight at the outer border of the 
foot. The phalanges of the toes correspond 
with those of the fingers, except that they 
ire much shorter and comparatively poorly 
ieveloped. There are two phalanges in the 
pteat toe, three in each of the remaining 
toes of the foot. 

Our great toe, unlike that of the apes, 
tias lost the power of “opposing” itself to 
the little toe: we can no longer grasp with 
)ur feet. But we retain a memory of a tree- 
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?ig. 14. Bones of the right hand , palm surface. 1 , Sesamoid 
)one (this gets its name from the fact that it is shaped like the 
eed of the sesame , an Eastern plant); 2, trapezoid; 3, trape- 
dum; 4 i scaphoid; 5, semilunar ; 6, cuneiform; 7, pisiform; 8, 
>s magnum ; 9, unciform. The finger hones are called phalanges. 


dwelling ancestor in the way we walk. T ree 
dwellers find their feet too much like hands 
for comfortable perambulation on the 
ground; they would rather be swinging 
from branch to branch, but if they must 
walk, they walk with the weight thrown 
outwards— and so do we. 

The skull (Fig. 21) is made up partly by 
a rounded vault above, which forms the 
cavity holding the brain, and partly by 
irregular bones in front which make up 
the bony structure of the face and lower 
jaw. The vault of the skull is simply and 
cleverly contrived out of four smooth 
curved plates of bone. One of these lies at 
each side of the vault and 
the other two, the frontal 
and the occipital, lie fore 
and aft. 

The occipital bone is 
shell shaped and has 
a large hole running 
through it. At either side 
of this hole is an oval area 
covered with cartilage; 
these areas, as we have 
already seen, form joints 
with the first cervical 
^vertebra, the atlas, upon 
which the skull rests. The 
hole in the occipital bone, 
the foramen magnum 
(Fig. 22), lies directly 
over the actual spinal 
canal formed by the ver- 
tebrae; part of the brain, 
the medulla oblongata 
(see Chapter VIII), 
passes through it and is 
prolonged downwards 
to form the spinal cord. 
The occipital bone is 
jointed in front to two 
other bones, the parietals 
(Fig. 21), which meet 
each other in the mid-line 
to form the top of the 
vault of the skull. They 
are curved bones, oblong 




Fig. 15- The hip girdle: section through upper part of the base of the spine { sacrum ) and 
kip bones {ilium) showing how the pelvic arch is constructed, i, Backbone; 2, base of spine, 
h bones and protuberances which bear the weight of the seated body {ischium and ischial 
tuberosity); 4, basin formed by hip bones, base of spine and ischium {pelvic cavity) 


in shape, and they stretch forward to meet 
Che frontal bone of the forehead. 

The frontal bone (Fig. 21) has two well 
marked ridges on its front aspect, the 
supraorbital, or eyebrow, ridges which arc 
prolonged sideways to form a process of 
bone which joins the cheek bone. Between 
the supraorbital ridges above and the 
Hheek bone below is a deep rounded hol- 
low, the eye socket. Across the forehead 
the frontal bone is a smoothly curving plate 
Und forms the front part of the skull. 

Floor of Skull 

If the vault of the skull is removed as a 
circular cap, we find ourselves looking into 
an interesting cavity (Fig. 22). The brain 
does not lie in a smooth round basin but in 
an irregular area of hills and valleys some- 


thing like a relief map. There are what may 
be described as three terraces making up 
the floor of the skull. 

At the front, over the eye socket, is a flat 
shallow terrace on each side of the mid- 
line, separated from its fellow by a sharp 
little ridge of bone like a cock’s comb. One 
of the strong bands of ligament which help 
to keep the brain in position is tied down to 
this little crest. At either side of the crest 
there is a narrow strip of bone, about three- 
quarters of an inch long and a quarter of an 
inch wide, which is so pierced with tiny 
holes that it looks like a miniature sieve; 
this is the cribriform plate of the ethmoid 
bone (Figs. 21 and 22), and through it pass 
the fine hair-like nerves of smell which run 
down from the brain to the mucous mem- 
brane of the nose. Apart from this small 
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ridge, the petrous portion of the temporal, 
i . _ ^ ^ ^ ^ which forms half the floor of the fossa, con- 
CUSma^ tri butes a flat round plate of bone to the 
outer surface of the skull at either temple. 
\ The temporal bone is pierced by a canal 

J 0 1 with an outside opening which we know as 

f tfvJr the earhole; this canal runs inwards through 
(Lf. the petrous portion of the bone to meet the 
I 2 «V*ft erve of hearing. The auditory mechanism 
/Vi&tiL consists of a minute three-chambered ap- 
i paratus embedded in the petrous portion 
(T ^ V of the temporal bone. 
kV. . On the outside of the skull just behind 

, the earhole there is a prominence of bone, 
\ T/'; the mastoid process (Fig. 23), which feels 
Ww f f and looks solid; actually it is not solid but 
r contains air cells which communicate with 

the middle chamber of the ear. Sometimes 
these air cells become infected with micro- 


Fig. 16. Outer surface of “ nameless ” bone 
(1 os innominatum ), so called because its shape 
seems to have no resemblance to anything 
else. 1 , Upper front spine of hip bone ; 2 , 
lower front spine of hip bone; j, socket into 
which the thigh bone fits {acetabulum); 4, 
spine of the front wall of the pelvis {pubis); 
5, protuberance at base of body which bears 
its weight when seated {ischial tuberosity). 

piece of ethmoid bone, the anterior terrace, 
Dr fossa, is floored by a thin plate of bone 
stretching from the back of the frontal 
bone and roofing over the eye socket. 

Behind the anterior fossa on each side 
lies the middle fossa of the skull, the second 
of our three terraces. This is deeper than 
the anterior fossa and is pierced by various 
holes through which blood vessels and 
nerves enter, or leave, the skull. It is divi- 
ded from the middle fossa of the opposite 
side by an interesting bony structure called 
the Turkish saddle (Fig. 22). The pos- 
terior fossa of the skull, the last of our three 
terraces, is continuous across the middle 
line with its fellow of the opposite side. It 
is deeper than the middle fossa. 

Two bones make up the floor of the 
middle fossa of the skull: the sphenoid 
in front, the temporal behind. The tem- 
poral bone (Fig. 23), in addition to a strong 


organisms and an abscess forms in them; a 
mastoid abscess of this kind may be dan- 
gerous, because the pus cannot escape, and 
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Fig. 18. {Left) Front surface and {right) 
back surface of bones of the right leg. 1, 
Protuberance forming part of knee joint 
{internal tuberosity ); 2 , shaft of shin {tibia); 
3 and 4, bony protuberances at ankle joint 
{external and internal malleolus). 
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Fig. 17. (Lf/r) Fro«r mco>; ( centre ) longitudinal and horizontal sections ; and (right) hack 
surface of the thigh bone (femur). /, Head of thigh, fitting deeply into the joint socket; 2, 
neck; 3 and 4 , ridges of bone to which muscles are attached (lesser and great trochanter); 
5, surface for joint with knee cap; 6 and 7, parts of joint with shin bone (internal and external 
condyles); 8 , spongy tissue (cancellous); g, compact tissue; 10 , inner core of the bone 
( medullary canal); it, horizontal section of bone. 




Fig. 19. Bones of the foot ( tarsal bones). 
1, Heel bone (os calcis); j, ball of ankle joint 
(astragalus); 3, head of astragalus; 4 , 
scaphoid or boat-shaped bone; 5, cuboid or 
cube-shaped bone; 6, 7 and 8> cuneiform or 
wedge-shaped bones. Note similarity of con- 
struction of bones in the foot and the hand. 

an operation has to be performed in order 
to get rid of it. 

If you look at the shape of the sphenoid 
bone (Fig. 24) you will see that it is rather 
like a bat with its wings spread. The body 
of the bat is in the mid-line and carries on 
its back that curious structure, the Turkish 
saddle; the wings spread out in a great 
curve to contribute their share to the floor 
of the middle fossa on either side. 

The Turkish saddle is important. In the 
middle of the body of the sphenoid there is 
* rounded indentation; crests of bone like 


TH£ HUMAN BODY 

the pommels of the saddle rise behind and 
in front of it. This small saddle-shaped 
cavity, which has a tough, strong, mem- 
branous roof and fibrous walls, is in fact a 
little box, and so secret and close does it 
appear that one cannot help supposing— 
quite rightly — that it holds something 
precious. We have already noted how care- 
fully the body guards valuable property; 
and this box is no exception to the general 
rule. It contains the pituitary gland. 

Pituitary Gland 

The pituitary is attached to the base of 
the brain by a thiu stalk which pierces the 
roof of the little cavity in which it lies. The 
old anatomists were puzzled when they 
opened the Turkish saddle and found 
nothing within it but this apparently in- 
significant organ; but Nature had not 
made a mistake. The pituitary gland is one 
of our most precious organs and deserves 
the protection granted to it. 

There is reason to believe that when 
signs of a brain began to appear in the most 
primitive of vertebrates, the fish, the first 
attempt at a brain-case took the form- of 
two cartilaginous bars lying one on cither 
side of the pituitary; if this be so, the pitu- 
itary has from the first been given dis- 
tinguished consideration by the body. 

The three fossa; which occupy the base 
of the skull contain three great lobes of the 
brain, the frontal lobe, the temporal lobe 
and the cerebellum (see Chapter VIII); 
the vault of the skull arches over the cere- 
bral hemispheres. The inner surface of the 
vault is smooth, except for a few grooves in 
which blood vessels run. It is made up of 
“membrane bones,” that is, bones laid 
down in membranes. Their origin can be 
traced back to the bony plates formed in 
the skin of primitive fishes who wore their 
skulls outside their heads. Vastly different 
though the human skull has become, it still 
retains the essential elements laid down by 
those prehistoric fish. 

Most of the bones which make up the 
face we have seen already in the vault and 
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door of the skull. Forming the forehead 
we have the broad smooth frontal bone 
with its two supraorbital ridges; below 
these are the eye sockets, roofed by a thin 
plate passing backwards from the frontal 
bone. Below the eye sockets, and to the 
outer side of the face, are two strong 
bridges of bone, the malar or cheek bones, 
which join, at their inner ends, the stout 
bone forming most of the face and upper 
jaw, the upper maxilla (Figs. 27 and 28). 
The lower maxilla (Figs. 25 and 26), bear- 
ing the bottom row of teeth, is the jaw 
bone; its horizontal part, shaped like a 
horseshoe, juts out as the chin in front; at 
the back, two vertical pieces, the rami, 
pass up at right angles to the horizontal 
part, and are hinged to the skull above. 

Movement of the Jaw 

Each upright part, or ramus, ends above 
in two stout prongs of bone. The hinder 
prong is rounded, and fits into a groove 
in the temporal bone, just in front of the 
ear; it acts partly as a hinge and partly as 
a gliding joint, and enables us to move the 
jaw in speech and in chewing. The other 
prong of bone, at the front of the upper 
end of the ramus, is attached to the great 
temporal muscle which covers the tem- 
poral bone at either side of the skull. 
These paired muscles help to move the 
jaw, in association with the other muscles 
of mastication. 

We owe our jaw, like the vault of the 
skull, to our primitive fish ancestors; it is 
derived from one of the bars that sup- 
ported the gills. The human embryo, at 
one stage of its development, makes a 
good attempt at gill formation, but no 
longer stops to make gill bars — it skips 
that stage and makes the jaw bone of 
modern man. 

Looking at the upper maxilla (Fig. 27) 
from the front we see that its lower part 
consists of a curved mass of bone forming 
the upper jaw, but that it is prolonged 
above into two processes of bone which 
have a triangular gap between them. The 
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nose fits into this gap. Two small nasal 
bones bridge the space in its upper part, 
and the front lower part of the bridge is 
formed by a plate of cartilage jutting for- 
wards from the middle of the nasal cavity; 
this cartilage forms the partition, or sep- 
tum, which divides the nostrils from each' 
other, and is continuous behind with a 
bony septum which divides the whole 
inner nasal cavity from end to end. The 
construction of this septum is interesting. 
Near the front of the base of the skull are 



Fig. 20. Bones of the foot and toes. 1 , Head 
of ball of ankle joint; 2 and j, rounded 
projections of bone ( internal and external 
tubercles); heel bone (os calcis); 5, projec- 
tion of bone connected with the splint bone 
or fibula (peroneal tubercle ); 6, cuboid bone ; 
7, sesamoid or sesame-shaped bone ; 8 , 9 and 
jo , cuneiform bones; 11 , scaphoid bone ; 

12, supporting bone (sustentaculum). 
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Fig. 21. The skull and its bones. t ) Bone of the back of the head { occipital ), which is 
jointed to {2) bones forming top of the vault of the skull {parietal); j, bone of the forehead 
{frontal); 4 , eyebrow {supraorbital) ridge ; 5, temple {temporal bone); 6, cheek bone {malar); 
7 i eye socket; 8 and Sa, wedge-shaped bone {sphenoid); 9, cavity; 10, sieve-shaped 
perforated bone , through which the nerves of smell pass to the nose {ethmoid bone); 11, palate 
bone; 12 , bone containing the tear duct {lachrymal); 13, upper jaw bone {super maxillary ). 
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two little perforated plates of bone lying 
on either side of the mid-line, the cribri- 
form plates of the ethmoid bone. From 
between these two plates a thin piece of 
bone projects down into the nasal cavity 
to form the middle part of the nasal sep- 
tum, and the ethmoid also sends down 
two lateral plates of bone which help to 


form the outer walls of the nasal cavity. 

The ethmoid bone (Fig. 21) looked at 
from before or behind, has the shape of 
the letter m\ the middle leg forms the nasal 
septum and the two outer ones the outer 
walls of the nose. One more bone takes 
part in making up the nasal septum, the 
vomer, a flat triangular little bone, shaped, 



Fig. 22. Base of the skull , seen from below, (a), 2, Bony arch of cheek { zygomatic bone); 
2, outgrowth from jaw bone , forming the palate ( palatine process of maxilla); j, horizontal 
plate of palate bone ; 4, sphenoid bone; 5, breast-shaped , or mastoid , bone containing air 
cells communicating with the ear; 6, part of joint between bones at back and side of the skull 
{occipital condyle); 7, cavity at back of skull through which passes part of brain to connect 
with the spinal cord {foramen magnum); 8, bone of back of skyll {occipital), (b), 1, Shallow 
cavity {foramen ccecum ); 2, first layer , or terrace , in the floor of the skull {anterior fossa); 
3 } part of bone through which nerves of smell pass {ethmoidal spine); ./, sphenoid bone; 5, bone 
structure containing pituitary gland {Turkish saddle); middle terrace of floor of skull 
{middle fossa); 7, opening of tube leading through the bone of the temple to the great artery 
of the head {orifice of carotid canal); 8 } hard {petrous) portion of temporal bone; 9, occipital 
bone. The lobes of the brain lie in the terraces of the floor of the skull 
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t is said, like a ploughshare, which fits in 
it the back. The nasal septum, then, from 
)efore backwards, is made up of cartilage, 
he middle leg of the ethmoid bone, and 
he vomer. 

The side walls of the nasal cavity are 
nade up by the ethmoid above and the 
ipper maxilla in the lower part. These 
iide walls are not smooth. Projecting from 
hem into the nasal cavity itself are curled, 
icroll-like pieces of thin bone which are 
covered with delicate mucous membrane; 
heir purpose is to increase the area lining 
he nose, so that the air entering the lungs 
tes a good opportunity of being warmed 
tnd moistened before it passes into the 
vindpipe. Air cavities, or sinuses, very 
huch like those already described in the 
nastoid process (Fig. 22), but larger, are 
jresent in the ethmoid bone and the upper 
naxilla. They open into the nose by small 
anals and, like the mastoid air cells, may 
ometimes be infected by micro-organisms. 

The Palates 

Between the nasal cavity and the mouth 
ire the hard and soft palates. The hard 
lalate is an outgrowth from the upper 
naxilla, and is completed by a pair of 
mall bones at the back, the palatine bones 
Fig. 28), from which the soft palate hangs 
town like a curtain. In persons with cleft 
palate, the hard palate is incomplete and 
he nasal cavity is in direct communica- 
ion with the mouth. Each palatine is L- 
haped, but contributes only the short 
irm of the L to the back of the hard 
jalate. On each side the long arm of the 
, runs up at the back of the nose and 
brms the final prop between the hard 
)alate below, the body of the sphenoid 
bove, and the ethmoid and upper maxilla 
n front. 

Now that the bones of the face have 
>een described, it should be possible to 
mderstand the arrangement of the bones 
ining the eye socket (Fig. 21). We have 
aid already that the frontal bone forms 
he roof of this deep cavity. The outer 
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Fig. 23. Outer surface of bone of the temple. 
J, Earholc; j, arch of check ( zygomatic 
bone); J, projection from base of temporal 
bone {styloid process); ./, surface to which 
temporal muscle is attached ; 5, mastoid. 

wall is formed chiefly by the malar, or 
cheek bone, which sends a plate inwards 
for this purpose. The floor is contributed 
chiefly by the upper maxilla, which sends 
a plate backwards from its upper border. 
The inner wall is composed near the front 
by the upper maxilla and a small separate 
bone, the lachrymal, which carries the 
tear duct; behind that, small portions of 
the outer surfaces of the ethmoid and 
palatine bones are visible; in the deepest 
part of the socket the wing of the sphenoid 
can be seen crossing the back of the cavity 
and forming its posterior wall. The eye 
socket is pierced by openings through 
which the optic nerve and other nerves 
and vessels reach the eye. 

Primitive Skulls 

Primitive skulls allied to those of 
modern men have been found in geo- 
logical deposits dating from a million 
years ago. The earliest skull so far dis- 
covered is that of the ape man (pithecan- 
thropus) of Java. He had a skull with a 
low vault and a small cubic capacity but, 
even so, his brain was larger than that of 
the apes of his own day. Other early 
skulls, strongly resembling that of the ape 
man of Java, were found in a cave near 
Pekin. A skull found at Piltdown, in 
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Sussex, has given rise to much discussion, 
partly because most of it is missing, and 
partly because it does not fit neatly into 
* the series of skulls so far discovered. The 
deposit in which the skull was found sug- 
gests that the latter dates from about 
150,000 years ago. The skull was intact 
when some workmen threw it up, but 
unfortunately they smashed what they 
termed “his coconut” and distributed 
most of it on the neighbouring roads. 

From the pieces recovered, a skull has 
been reconstructed Vhich appears to be 
that of an advanced type of man with a 
comparatively high forehead and a good 
skull capacity. The Piltdown man is, in 
fact, almost modern in type, except that 
the lower jaw is much more ape-like, with 
a retreating chin and long pointed eye 
teeth to distinguish him from modern man. 

Later skulls, dating from 50,000 to 
60,000 years ago, have been found in the 
Neander Valley of western Germany; they 



Fig. 25. Front view of lower jaw bone 
{lower maxillary), l, Beak-shaped { coro - 
noid) bone ; 2 , cavity { foramen mentale); 
3 > outer line of jaw {external oblique ); 4, 
angle of jaw; 5, neck of jawbone. 

belonged to a low-browed race with a 
jutting, ape-like lower part to the face, 
from which the chin receded. Though his 
face may have been of a somewhat in- 
ferior type, Neanderthal man had a skull 
capacity little different from that of men 
of living races. 

Thirty or forty thousand years ago a 
new race of men came up from the south 
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Fig. 2 4- Upper view of sphenoid bone, i, Upper points of bony case containing pituitary 
{Turkish saddle); eye socket; 3 and 4, lesser and greater wings; ,5, lower point of Turkish 
saddle; 6 , groove for great artery of the head; 7, wing-shaped ( pterygoid ) artery; 8, hook- 
shaped bone ( hamular process); 9, Turkish saddle; 10, split in the bone {sphenoidal fissure). 


ANCESTORS OF “HOMO SAPIENS” , 0f * ; > 



RECONSTRUCTION OF NEANDERTHAL MAN 


and invaded the territory of Neanderthal 
man. These newcomers were the true 
ancestors of homo sapiens , the man of to- 
day Their bones, found at Cro-Magnon, 
fa France, and Grimaldi, in Monaco, 
leave no room for doubt that man as we 
know him had at last appeared on the 
|arth. Cro-Magnon man had a forehead 

I high as our own, a good chin, a thumb 
pable of grasping, and teeth, like ours, 
signed for a mixed diet. To judge from 
eir skeletons, men of this race were as 
ghly developed physically as any living 
ce today. Moreover, they were artists 
id drew spirited and fluent pictures of 
tirnals on the walls of their caves. 

In the foregoing description of the 
eleton, bones of various types, including 
many large ones, have been described. It 
will be clear that if all these bones were 
Mid the skeleton would be so heavy that 
wc should scarcely be able to move. But 


most of the bones •are cither hollow, or 
filled in with a light network of fine bony 
strands which helps to maintain strength 
without adding to weight. In some bones, 
for instance those of the skull, air spaces 
have developed which make for lightness. 

Bone may be formed either from a 
membrane designed for that purpose or 
by the ossification of cartilage. Cartilage 
is the shining bluish-white gristle which 
covers all joint surfaces. Seen under the 
microscope it appears as a smooth struc- 
tureless material, in which lie scattered 
cavities each containing a cell. The chemi- 
cal constitution of cartilage is similar to 
that of gelatine. 

In the embryo cartilage is a precursor 
of bone. Models of all the long bones are 
first laid down in cartilage and are later 
replaced by bone as follows: first, bone 
cells begin to grow in from the membrane 
which covers the shaft of the cartilaginous 
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Fig. 26. Inner surface of lower jawbone. 
7, Lower cavity of teeth (; inferior dental 
foramen ); 2, ridge of bone ( mylo hyoid ridge). 

model; soon afterwards, secondary bone- 
forming centres appear at each end of the 
bone and also begin to replace cartilage by 
bony tissue. Complete ossification may 
not occur for a long time: the centres at 
the ends of the bone remain separated 
from the shaft by a pad of cartilage so long 
as the bone is growing, and growth may 
not be complete until adulthood. 

Some bones, such as those of the vault 
of the skull, develop not from cartilage 



Fig. 27. Outer surface of upper jawbone. 

1, Protuberance of jaw ( maxillary tuberosity); 

2, grooves for teeth ( posterior dental canals); 
3 S orbital surface; 4 , bone carrying tear duct ; 
5, tendon of the eye; 6, incisors; 7, canine 
teeth ; 8 , bicuspids; 9, molars; 10, joint 

surface with cheek bone. 


but from membranes which have the 
power of producing bone. At birth ossifi- 
cation of the skull is not complete; the 
new baby, as we all know, has a “soft 
spot,” or fontanelle, towards the front of 
his skull, through which the brain can be 
felt pulsating. This gap is only completely 
-closed by bone in the second year of life. 

Under the microscope the solider parts 



Fig. 28. Inner surface of upper jawbone. 
7, Ridge of bone; 2, cavity; 3 and 4, canals 
of the palate; 5, plate of palate; 6, front 
spine of the nose; 7, joint surface for bone 
of nose; S s joint surface for bone of forehead. 

of bone appear as a series of systems, each 
of which has a central canal containing 
blood vessels and nerves surrounded by 
concentric rings of calcified material in 
which bone cells are embedded. The hard- 
ness of the bone is due entirely to the 
deposits of calcium and other mineral salts 
which are laid down by the bone cells. 
The hollow inside of the bone is traversed 
by fine strands of bone so arranged that 
they help to bear the stresses and strains 
to which the bone is subjected, like girders 
in a bridge. The marrow which lies 
between these strands consists of cells in 
the process of developing into blood cells. 
Our bones are, in fact, our chief blood- 
forming organs— an example of the 
economy of space and purpose so often 
seen in the bodies of living creatures. 
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MUSCLES AND JOINTS 

NATURE OF MUSCLE: MUSCULAR TONE AND CO-ORDINATION: MUSCLES 
OF THE BACK AND ABDOMEN: DIAPHRAGM AND MUSCLES OF RESPIRATION: 
MOVEMENTS OF THE ARMS: JOINTS OF WRIST AND HAND: MUSCLES AND 
JOINTS OF PELVIC REGION: MOVEMENTS OF THIGH, KNEE AND FOOT » 


Most people realize in a general way that 
all our movements take place as a result of 
the contraction of muscles. When a muscle 
contracts, it does so in response to impulses 
conveyed to it through nerves. Some of 
these messages are originated by our con- 
scious will; and we speak of the muscular 
movements resulting therefrom as volun- 
tary movements. We wish, for example, to 
walk across a room; a succession of appro- 
priate and orderly movements follows, and 
we are at the other side of the room. This is 
very wonderful; but, we may think, not 
very different from the mechanism of a 
complicated piece of industrial machinery 

Muscle Fibre 

Actually, the processes of muscular 
movement arc a thousand times more com- 
plex than this generalized picture suggests. 
In the first place, a muscle is not just a cord, 
or a bundle of cords, which can be con- 
sidered as a single entity. Every muscle is 
composed of hundreds of thousands of 
separate fibres, each one of which has its 
own nerve connexion, and functions in 
obedience to the impulse conveyed to it. 
Many of our largest muscles do not con- 
tract all of a piece; some of their fibres 
come into play only on occasjpn, or when a 
certain stage of a complex movement has 
been reached. Moreover, there are few 
bodily movements in which only one 
muscle or small group of muscles 
comes into operation. 

Think of the complexity of so routine a 


proceeding as the raising of a cup to the 
mouth. The advance of the arm; the lean- 
ing forward of the body; the extension of 
the hand; the complex movement of the 
fingers first opening, then closing with just 
that degree of force needed to grasp the 
vessel; the raising of the cup to exactly the 
right height; the accurate aim at the 
mouth; the tilting of the cup; the sequence 
of movements of the lips and of the throat. 
Even this is but a precis of the muscular 
and nerve activities involved whenever we 
take a sip of tea. We call this a voluntary 
activity; but few of these actions have been 
consciously determined; few, indeed, are 
ever recognized by our consciousness. The 
central orders, for which alone we have any 
real responsibility, arc merely these: take^ 
cup, raise it to the mouth and drink. All the 
technical parts, the thousand acts of fine 
adjustment, the dissimilar but harmonized 
contractions and relaxations of numerous 
muscle fibres, are done unconsciously. 

Muscular Tone 

It is not only a graduated contraction of 
muscle fibres that takes place when we per- 
form a movement of any sort. There is 
coincidcntly, in every case, a graduated re- 
laxation of other muscle fibres. Normally, 
every muscle in the body is all the time in a 
condition of slight tension or contraction. 
We call this muscular tone. When we bend 
our forearm the muscles on the front of the 
arm contract; at the same time other 
muscles on the back of the arm relax so as 
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Fig. i. Types of muscle fibre, (a) Bundle of muscle fibre; one fibre has been detached to 
show its composition; (b) muscle {from intestine) whose action is independent of the wilt 
( involuntary unstriated muscle ); (c) muscular tissue of the heart; (d) muscular tissue unde i 
control of the will {note the ringed {striated) surface); (e) section of muscle. 


to help straighten the arm. Were these lat- 
ter muscles to retain their ordinary tone of 
slight contraction, the work involved in 
bending our arm would be very much 
greater than it actually is. The balancing 
muscles do not completely relax; if they 
did so and went out of action, we should, 
when attempting to drink from a cup, 
dash it against our face with painful vio- 
lence. Small children whose co-ordination 
has not fully developed often do this. 
Adults are similarly “clumsy” when first 
engaging in some form of work or sport 
not hitherto attempted. 

Muscles consist of numbers of contrac- 
tile fibres bound together in bundles; these 
bundles are in turn bound together into a 
thick band, usually spindle-shaped, and 
always contained in a fibrous sheath (Fig. 


i). The sheath is prolonged at the ends to 
form strong fibrous bands or cords, the 
tendons, by means of which the muscles 
are fastened to the bones. Sometimes when 
muscle is used to roof over a cavity, as 
occurs in the case of the abdominal wall, 
the tendon, instead of forming a cord, 
forms a thin broad sheet of strong fibrous 
material to which the name fascia is given 
As the function of muscles is to move joints, 
the tendons are normally attached to two 
bones which are joined together; when a 
muscle contracts it pulls one bone towards 
the other, thus causing flexion, or bending, 
of the joint; an opposing muscle is used to 
straighten the joint again. As a general rule, 
each joint is connected with two sets of 
muscles which are antagonistic to each 
other in action. 


MUSCLE FIBRES 


Under the microscope the fibres of vol- 
untary muscles (Fig. i), that is, of muscles 
under the control of the will, have a ringed 
appearance and so are known as striated 
muscle fibres. Much of the muscular tissue 
in the body, for example, that in the walls 
of the stomach and intestines, is beyond the 
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control of the will. Under the microscope 
this has a smooth appearance and is con- 
sequently known as plain or unstriated 
muscle tissue (Fig. i). The heart muscle 
has a characteristic appearance of its own: 
its fibres have circular markings like those 
of voluntary muscles (though the heart is 
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Pig. 2. Names of the muscles of the back. These muscles, whose action is exerted on the 

ZdZ^dTh t °J lelP Xt ', namtam its P° smon as a* “fright support for the 
body, bend backwards m order to maintain balance and tilt the head . 
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not, of course, under the control of the 
will) but instead of running separately side 
by side, these fibres are connected with 
each other by numerous cross branches. 

The joints between the vertebrae are 
designed to allow only slight movement, 
sufficient to enable us to bend or twist our 
backs. These movements are made pos- 
sible, not only by the shape of the bones 
which take part in the joints, but by 
strong fibrous bands, called ligaments, 
which bind the joints together, and by the 
muscles which supply the power of move- 
ment. Between each two vertebras is a 
stout pad of fibrocartilage, which is in 


itself slightly elastic and allows some 
movement; each vertebra is fixed to its 
neighbours above and below by a small 
joint on each of its lateral processes, and 
each of these joints has a little circular 
fibrous collar, the capsular ligament, sur- 
rounding it. Capsular ligaments are lined 
with smooth shining membrane (synovial 
membrane) which pours out just enough 
fluid to keep the joint lubricated. Finally, 
strong bands of ligament pass up the 
front of the spinal column along its whole 
length, binding the bodies of the vertebrae 
together, and similar ligaments pass down 
the back. As a result the spinal column is 
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Fig. 4- Muscles oj the neck. /, Sternomastoul muscle , used in bending the head forwards, 
or turning it from side to side; j and .?, muscles acting on shoulder blade ( trapezius and 
scalene); /, collar bone {clavicle); 5, muscle covering shoulder {deltoid); 6, muscle running 
from collar bone to face , used in moving mouth { platysma ); 7, horseshoe-shaped {hyoid) bone 


a strong resilient rod and the muscles act- 
ing upon it are largely designed to help it 
to maintain its position as an upright sup- 
port for the rest of the body (Fig. 2). 

Most of these muscles form a number 
of vertical bands up the back; some of 
them spring from the crests of the in- 
nominate bones and from the sacrum {see 
Chapter I), and arc attached above to the 
ribs or to the spines of the vertebra. The 
most important of these, the sacro-spinal 
muscle and its upper continuations, the 
■spinalis and longissimus dorSi, not only 
help to maintain the erect position but 
bend the trunk backwards to counter- 
balance any heavy weight carried in front 
of the body. Their action can be seen well 
in a young child who picks up a baby 


slightly too heavy for her to carry; she 
plants her feet firmly, clutches the baby 
to her stomach and leans back from the 
hips. Towards the upper part of the spine 
muscle bands arise on each side from the 
lateral processes of the upper dorsal verte- 
brae and arc attached to the back of the 
skull. These are the complexus muscles, 
and it is these muscles which tilt the head 
backwards when they contract. 

The complexus muscles at the back ol 
the neck act by tilting the skull upon the 
joint formed by the atlas and the occiput, 
this movement being counterbalanced and 
corrected by two small opposing groups 
of muscles attached to the front of the 
atlas and to the occiput in front of the 
foramen magnum (Fig. 3). These muscles 
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are much smaller and weaker than the 
complexus muscles behind, but are able 
to hold their own because they are helped 
in their task by the sternomastoid muscles. 
These are situated one at each side of the 
neck and run from the mastoid process to 
the top of the breast bone. When the 
stemomastoids act together they bend the 
neck and bring the head forwards. When 
either acts separately it turns the face to 
the opposite side, and the muscle can then 
be seen standing out under the skin as a 
strong band running from behind the ear 
to the notch at the top of the breast bone. 

Many other small muscles help to make 
up the strong column of the .neck; some of 
them play a part in helping to rotate the 
head, others act upon the base of the 
tongue and the larynx and are called into 
play during mastication and swallowing. 
Most of these swallowing muscles are 
attached to a small horseshoe-shaped bone 
at the front of the neck — the hyoid. The 
neck muscles of another group are attached 
to the shoulder blade (Fig. 4). 

Abdominal Muscles 

So far, we have considered only muscles 
which act on the back of the spine and are 
concerned with bending it backwards. 
Nearly all forward bending of the spine 
is carried out through the action of the 
abdominal muscles (Fig. 5), the chief ones 
involved being the recti abdominis, those 
two straight bands of muscle, marked by 
transverse grooves, which pass down the 
front of the abdomen and are so often 
seen to advantage in Greek sculpture. 
They are attached above to the cartilages 
of the fifth, sixth and seventh ribs, and 
below to the front of the pelvis, and are 
enclosed in a tough sheath of fascia crossed 
by three tendinous intersections. 

When these recti muscles contract they 
draw the thorax down to meet the pelvis, 
thus forcing the back to bend. If either 
acts singly it helps to bend the body to- 
wards its own side. If the spine and pelvis 
are held steady and rigid, the two recti 


cannot pull the thorax down towards the 
pelvis; they can only compress the organs 
in the abdominal cavity. This movement 
is used during normal defecation, and by 
women in labour. 

Roof of the Abdomen 

Three layers of muscle roof over the ab- 
domen between the recti muscles in front 
and the spine at the back (Fig. 5). Two of 
them run obliquely: the external oblique 
and the internal oblique. The muscle fibres 
of the external oblique spring on each side 
from the lower ribs and form a broad band 
which passes downwards and forwards, 
sweeping round the abdominal contents, 
to be attached to the fascia covering the 
rectus muscle of its own side. The muscle 
fibres of the internal oblique run diagon- 
ally across those of the external oblique; 
the muscle arises from the hip bone and 
runs upwards and inwards to be attached 
to the sheath of the rectus. The transverse 
abdominal muscle, the innermost of the 
three layers, runs horizontally, its fibres 
wrapping round the abdominal contents 
from each side like a broad straight ban- 
dage. It arises from a band of fascia lying 
at the side of the lumbar vertebra: and 
from the lower six ribs and the crest of the 
hip bone; like the other two muscles in this 
group it ends by becoming merged in the 
fascia which covers the rectus muscle of 
its own side. 

The abdominal muscles enable us to 
bend forwards and sideways or to twist so 
that we can look over either shoulder. The 
abdominal organs which they shelter lie in 
a cavity bounded above by the diaphragm, 
behind by the spinal column and its 
muscles, and below by the pelvic basin and 
the muscles which form its floor. The pel- 
vic floor is an important structure. It is 
made up of muscles attached to the inside 
of the pelvis and meeting in the middle to 
form a strong resilient diaphragm upon 
which the pelvic organs rest; these organs 
are the bladder and the rectum and, in the 
female, the uterus and vagina. 



body’s chief muscles 



. H *V Mu ^ on the surface of the body, i, Sternomastoid; 2, trapezius ; 3 scalene' 
4 , Shoulder muscle {deltoid); 5 and 5 a, muscle covering upper chest ( pectoralis ma orY b ill 

zz^Tr ,ai): 7 ’, mmch ° f back and 

and U {b h T ‘ 5) i ?j musde c<mnectin s upper ribs and shoulder blade (serratus)' ir 12 
3 , muscles of abdomen ( rectus abdominis , external and internal oblique); 14’ tailor’s 
or sartortus muscle; 13, muscle of thigh (rectus femoris). 
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Two flat muscles, the levator ani and the 
coccygeus, compose the floor on either 
side. The coccygeus is a triangular sheet 
stretching from the ischial tuberosity to the 
side of the coccyx; its function is to draw 
the coccygeal vertebra forwards and up- 
wards after they have been pressed back 
during defecation. The levator ani is by 
faf the more important muscle of the two; 
it is a broad thin muscle arising from the 
inner surface of the pelvic cavity and 
sweeping towards the mid-line to unite with 
its fellow of the opposite side, thus forming 



Fig. 6. The diaphragm. /, Opening of the 
gullet ( cesophagcal opening); e, opening of 
the main blood vessel of the body ( aortic 
npening); 3 and ~/, tendons connecting with 
vertebrae ( right and left crus). 

the greater part of the pelvic diaphragm 
Besides offering support to the pelvic con- 
tents it helps to constrict the lower end ol 
the rectum and vagina, and acts as an im- 
portant auxiliary to the anal sphincter— 
the valve closing the lower end of the 
digestive tract. 

The levator am and the coccygeal 
muscles act together to oppose the down- 
ward thrust produced by any rise of pres- 
sure in the abdominal cavity. During mus- 
cular exertion we may contract our ab- 
dominal muscles so much that pressure in- 
side the abdomen is greatly increased; at 
such times the pelvic muscles also contract 
and supply a counter pressure to resist the 


strain, so that the abdominal contents are 
not forced down into the pelvis. During 
labour the pelvic muscles relax and allow 
the abdominal muscles and the powerfully 
contracting uterus to press the child 
through the birth canal. 

The Diaphragm 

The chief muscle of respiration is the 
diaphragm (Fig. 6), which forms a dome 
between the abdomen and the thoracic 
cavity. It arises partly by two strong bands 
which spring from the lumbar vertebrae 
behind, and partly from the inner surfaces 
of the lower six ribs and the cartilage at the 
tip of the breast bone. All these fibres 
unite in the middle to form a central ten- 
don which is the vault of the dome. 

The diaphragm is not a complete sheet; 
it has openings in it which allow the gullet 
and great vessels to pass through. Its 
action is simple; when the fibres contract, 
they pull on the central tendon, flattening 
it and pushing down the abdominal organs. 
As a result the volume of the cavity inside 
the thorax is increased, because the dome 
of the diaphragm has descended; the lungs 
are subjected to a negative pressure, and, 
being elastic, expand to fill the partial 
vacuum which has been created. When 
the diaphragm relaxes, the muscle fibres 
slacken and the abdominal organs push the 
dome upwards; the capacity of the thorax 
is diminished and, as a result, air is 
squeezed out of the lungs. 

In every interspace between the ribs run 
two muscles, the intercostal (Fig. 7). They 
are arranged rather like the external ob- 
lique and the internal oblique muscles of 
the abdomen in that the fibres of the ex- 
ternal intercostal muscles run forwards and 
downwards, while those of the internal 
intercostals run downwards and back- 
wards. They arise from the lower border of 
the rib above and are attached to the upper 
border of the rib below, and fill completely 
the intervals betwen the ribs all the way up 
the thorax. Oddly enough they are not 
exactly muscles of respiration. They 
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contract together and form strong elastic 
supports which prevent the spaces between 
the ribs from being sucked in or blown out 
during respiration. 

The ribs are moved upwards during 
inspiration by two sets of muscles. The 
scalene muscles in the neck are attached 
to the sides of the cervical vertebra: and to 
the first and second ribs; when they con- 
tract they pull these two ribs upwards. 
They arc assisted by the posterior superior 
serrati, which lie on either side of the 
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the abdominal contents upwards as the 
diaphragm relaxes. One small muscle, the 
triangularis sterni, attached to the back of 
the breast bone and to the inner surface of 
the rib cartilages, helps to pull the ribs 
downwards and inwards, and so assists in 
the process of expiration. 

The spinal column and the ribs give us 
examples of joints in which movement is 
slight and supple rather than free. When 
we come to the limb joints free movement 
is of primary importance because, like all 
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Fig. 7. Muscles between the ribs ( intercostal muscles ). These muscles completely fill the 
spaces between the ribs. They are attached to the lower border of the rib above and the 
upper border of the rib below , and form strong elastic supports for the ribs 


upper part of the thorax at the back. Each 
serratus arises from the lower cervical and 
the upper dorsal vertebrae, and is attached 
by muscular bands to the upper ribs 
Other muscles, low down in the back, 
assist respiration by anchoring the lower 
ribs in such a way that the diaphragm can 
pull upon them. 

The muscles mentioned so far have 
been concerned with breathing in. Breath- 
ing out is managed partly by the elastic 
recoil of the walls of the thorax and partly 
by the abdominal muscles, which push 


vertebrates, we are naturally active; and 
we are fortunate in possessing mobile 
joints which are at the same time strong 
enough to resist easy dislocation. As usual 
ligaments are used to maintain the joint 
surfaces in apposition, but they are nearly 
always reinforced in the limbs by muscles 
and their tendons. 

The shoulder joint (Fig. 8), a typical 
ball-and-socket joint, has one peculiarity 
not found in any other joint in the body: 
it has the tendon of a muscle running 
through the cavity of the joint. This 
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Fig. 8. The shoulder joint, i, Hook of 
bone {coracoid process); 2, shoulder blade; 
Jj ligament of the joint {capsular ligament); 
4 > tendon of biceps , running through the joint. 

tendon, one of two belonging to the 
biceps, arises inside the joint just above 
the glenoid cavity, curves over the head of 
the humerus and comes out of the capsule 
beneath a small transverse ligament which 
makes a bridge to let it through. This ten- 
don helps to steady the head of the 
humerus in all movements of the arm 
and also helps to keep the head firmly in 
contact with the glenoid cavity; so that 
though the biceps muscle takes no part in 
moving the shoulder, it is none the less a 
very valuable adjunct to the joint. Both 
the head of the humerus and the glenoid 
cavity are covered with cartilage, and a 
synovial membrane lines the joint, as it 
must always where movement is required. 

Shoulder Muscles 

A large number of muscles combine to 
produce movement at the shoulder. The 
freedom of the joint is due partly to the 
arrangement of the head of the humerus 
in the glenoid cavity and partly to the 
mobility of the scapula which, except for 
its jointed attachment to the clavicle, is 
quite free and only held in position by 
various muscles. Three of these, the two 
rhomboid muscles and the levator scapulae 
are attached to the inner border of the 
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scapula. When they contract , they can 
either tilt the inner border of the scapula 
upwards and the glenoid cavity down- 
wards, or fix the inner border of the 
scapula in such a way that antagonistic 
muscles can pull against them. Bearing 
this arrangement in mind, we can consider 
the various movements at the shoulder. 

Movement of the Arm 

The arm, as we know, can move for- 
wards or, to a lesser extent, backwards; it 
can be lifted away from the side and up 
to the vertical, or brought down to the 
side and across the mid-line. It can also be 
rotated outwards or inwards. 

The forward movement (Fig. 9), which 
we call flexion or bending, is carried out 
chiefly by two muscles, the pcctoralis 
major and the coracobrachialis. The pec- 
toralis major is the thick muscle covering 
the upper part of the chest in front. It 
arises from the clavicle, the breast bone, 



Fig. 9. Muscles used in bringing the arm 
forwards. i 3 Shoulder muscle {deltoid); 2, 
muscle of upper part of chest {pectoralis 
major); 3, muscle running from shoulder 
blade to upper arm {coracobrachialis), 
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and the sixth and seventh ribs, and its 
fibres converge to form a stout tendon 
which is attached to the humerus in a 
groove just below the head. It can draw 
the arm forwards, when the arm is hanging 
freely, but it has several other purposes as 
well. The coracobrachialis arises from the 
coracoid process of the scapula and is 
attached to the middle of the shaft of the 
humerus; when it contracts it shortens the 
distance between the two points and so 
brings the arm forwards. We use these 
muscles every time we toss an underarm 
ball for someone else to catch. 

Stretching the Shoulder 

The humerus is extended, or drawn 
backwards, by two other big muscles, the 
latissimus dorsi and the teres major (Fig. 
io). The latissimus dorsi is a wide band of 
muscle springing from the lower six dorsal 
vertebrae, the fascia covering the lumbar 
vertebra: and sacrum, and the crest of the 
hip bone. This great fan of muscle con- 
verges to form a single tendon which is 
attached to the humerus close beside the 
tendon of the pectoralis major. When it 
contracts, it pulls the arm backwards and 
downwards. If the arms arc fixed, for 
example, if their owner is hanging by both 
hands from a horizontal bar, the latis- 
simus dorsi combines with the pectoralis 
major to pull the weight of the body up- 
wards; so that it is also a climbing muscle. 

The teres major, which assists the latis- 
simus dorsi in drawing the arm back- 
wards, rises from the lower angle of the 
scapula and is attached to the humerus 
close to the pectoralis major and the latis- 
simus dorsi. These three muscles, then, 
Sll pull upon the same point; the direction 
|n which the humerus is drawn depends 
Jipon which of them is pulling most 
Strongly at the time. 

‘.ij[ Abduction, or the process of raising the 
,|flffm sideways, takes place in two stages. 
.vOne muscle brings the arm up to a right 
Jpugle and another brings it thence to the 
Vertical. The muscle which raises it to a 
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Fig. 10. Backward movement of arm. 

/ and j s Shoulder blade ; a, head of triceps ; 
4 and 5, muscles acting on upper arm 
( latissimus dorsi and teres major). 

right angle is called the deltoid (Fig. 11); 
this is the large thick muscle which wraps 
over the point of the shoulder and gives the 
familiar rounded curve to the top of the 
arm. It arises from the clavicle and from 
the spine of the scapula, and its thick fleshy 
fibres converge to form a strong tendon 
which is attached to the outer side of the 
humerus half-way down. 

It is easy to see that when this muscle 
contracts it must pull the humerus up to a 
right angle. But how is the arm raised be- 
yond this point ? Further contraction of 
the deltoid can serve only to ram the head 
of the humerus more tightly into the glen- 
oid fossa. Here is a case in which the mo- 
bility of the scapula shows its great value. 
First, its inner border is pulled forwards by 
the action of a large flat muscle called the 
serratus anterior, which arises from eight 
or nine of the ribs, near the front of the 
chest wall; the fibres of this muscle stretch 
backwards and form a flat tendon, which is 
attached all along the inner border of the 
scapula on its under side. When this 
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muscle contracts it pulls the inner border feat every time we lift our arms to put on a 
of the scapula forwards and downwards hat or comb our hair, and it says much for 
and so tilts the glenoid cavity upwards; the co-ordination of our muscles that we 
this naturally tends to raise the arm, which do it without a hitch, 
is being held in line with the glenoid fossa 

by the deltoid muscle, above shoulder Lowering the Arm 

level. Another muscle, the trapezius (Fig. The method of adducting the arm, or 
12), now comes into play, and tilts the drawing it down to the side again, is by 
scapula still farther. comparison simple. It is carried out by the 

Each of the two trapesii is triangular in pectoralis major and teres major which 
shape, and arises from all the dorsal and contract and pull directly on the humerus, 
cervical vertebra;:; its fibres gather into a drawing it downwards just as you pull 
broad flat tendon which is attached to the down a blind. The movement of rotation 
spine of the scapula. Together, they form inwards is also performed by these two 
a great diamond across the back with the muscles; by contracting just a little farther 
upper point on the occiput, the lower point they twist the outer border of the humerus 
in the small of the back, and a point on each round towards the front, and so rotate the 
shoulder (Fig. 13). When the fibres of one arm. Two small muscles attached to the 
trapezius contract they draw the scapula scapula, the infraspinatus and the teres 
towards the middle line of the body and at minor, are their antagonists and can twist 
the same time twist it so much that the the arm back again, 
glenoid cavity points almost directly up- The elbow joint is partly a hinge and 
wards; in this way the arm is raised to partly a pivot joint. The hook-like end of 
the vertical. We perform this complicated the ulna (the olecranon process) fits over a 

joint surface at the lower 
1 end of the humerus; the 
; head of the radius is 
| jointed both to the lower 
I end of the humerus and 
to the ulna at its outer 
side. All three joints are 
enclosed in the capsule of 
the elbow joint which is, 
as usual, lined with syno- 
vial membrane. The liga- 
ments forming the cap- 
sule fit rather loosely, 
especially at the back, 
where allowance has to 
be made for the stretch- 
ing of the capsule when 
the elbow is strongly 
bent. 

i This portion of the 
capsule occasionally gets 
nipped between the ole- 
Fig. 11. Muscles of the arm , showing action of biceps cranon process of the 

r, muscle covering shoulder {deltoid); 2, biceps ( i.e ., double - ulna and the lower end 

headed muscle ); J, triceps; 4 , brachialis , or arm muscle of the humerus, a painful 





toL ™ , SU r aCC mUiCkS - ° f thC back ■ Musde runmn « J™ mastoid to breast bone 

teZZ Twde hJ? P f eZtUS , l f‘ Ch “‘ tS ‘ he 5h ° ulder blade; 3 ’ shoulder m usde 
[deltoid), 4, wideband of muscle attached to upper arm (latissimus dors,),- 5, sheet of membrane 

{aponeurosis); 6, muscle of the buttock {gluteus maximus). 


Accident which usually causes an excess 
&f fluid to be poured out into the 
^int by the injured synovial membrane, 
pus producing one form of the con- 


dition known as tennis elbow. In addition 
to the capsule surrounding the whole 
joint, a strong circular band, the annular 
ligament (Fig. 14), encircles the head of 
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Fig. 13. Second layer of muscles of the back. These lie below those shown in the previous 
illustration, which have been cut away in order to reveal the lower layer. 1, Muscle used in 
raising the shoulder {levator scapulae); 2, rhomboid muscles , so called on account of their 
shape , connecting the backbone with the shoulder blade ; 3 , ninth , tenth , eleventh and twelfth 
rib and the muscles between them {intercostal muscles). These fill up all the space between 
the ribs and prevent the ribs being sucked in or blown out during respiration 



MOVEMENTS OF THE FOREARM 


the radius and keeps it from being 
pulled out of place by the force of the 
muscles acting upon it. This ligament 
is also of value in the pivot action of 
the radius, providing a sort of collar in 
which the head of the bone is able 
to turn to and fro. 

The movement of the ulna on the 
humerus is purely that of a hinge, and is 
brought about by the two great muscles 
which flex the arm, the anterior brachial 
and the biceps. The former arises from 
the front of the lower half of the humerus; 
its fibres unite to make a thick tendon 
which is attached to the ulna just below 
the joint. When contracted it brings the 
forearm up towards the humerus, a very 
powerful gesture. The biceps arises above 
the anterior brachial and is formed by 
two tendons. One springs from the top of 
the glenoid fossa to run through the 
shoulder joint, piercing the capsule at its 
lower border; the other arises from the 
coracoid process of the scapula. The mus- 
cle fibres from the two heads unite to pro- 
duce the fat bulge of muscle on the upper 



Fig. 14. The elbow joint . Notice the 
strong band round the joint ( annular liga- 
ment) which prevents the radius bone from 
being pulled out of place by violent action. 



Fig. 15. Ligaments of the wrist . These 
ligaments make it possible to turn and twist 
the zvrist. /, Lateral ligament; 2 , radio- 
carpal ligament; 3 > medial ligament. 

arm of which schoolboys are so proud. 
Below, the muscle narrows to a single ten- 
don which is attached to the radius just 
below its head. Like the anterior brachial, 
the biceps flexes the elbow joint, but it 
does so by shortening the distance between 
the forearm and the shoulder girdle. 

A third muscle, lying not in the upper 
arm but in the forearm, assists the action 
of these two great flexors of the elbow — 
the brachioradialis, which arises from the 
outer side of the lower end of the humerus 
and is attached to the lower end of the 
radius just above the wrist. 

The triceps muscle, lying on the back 
of the upper arm, opposes the action of 
the three muscles flexing the elbow joint. 
It arises from the lower border of the 
glenoid fossa and from the back of the 
humerus and is attached to the tip of the 
olecranon process of the ulna. When it 
contracts it pulls on the olecranon and 
straightens the elbow. This is an action 
which shows how cleverly leverage is em- 
ployed in the body to help muscle action 
When the forearm is flexed on the upper 
arm the olecranon tilts backwards, and the 
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tendon ot the triceps pulls upon it just at 


the tip; the lower end of the humerus acts 
as a fulcrum and the olecranon as the arm 
of the lever. The triceps, by pulling on 
the olecranon, causes it to rotate round 
the lower end of the humerus (the ful- 
crum), and by this means swings the 
forearm into line with the upper arm. 



Fig. 1 6 . Turning the hand over. /, Bone 
of upper arm (humerus); 2 and 3 , bones of 
forearm (ulna and radius ). The main 
ynuscle concerned is the pronator radii teres. 

The second movement at the elbow 
joint, that of the radius on the lower end 
of the humerus, has nothing to do with 
bending the arm, but only with supina- 
tion and pronation of the hand. The pivot 
action of the radius can turn the hand over 
so that it lies with the palm facing down- 
wards or backwards, or turn it so that the 
palm faces upwards or forwards. In order 
to do this the radius must twist on the sur- 


t'ace which joints it to the ulna, and as this 
joint allows considerable movement, the 
head of the radius can pivot on the lower 
end of the humerus without causing the 
ulna to move at all. 

To understand the processes of supina- 
tion and pronation properly we must con- 
sider the arrangement of the forearm bones 
at the wrist (Fig. 15). The radius and ulna 
are jointed together at their lower ends 
)ust as they are at their upper ends, and 
again the joint is a pivot joint. The lower 
end of the ulna fits into a notch on the 
radius and both surfaces are covered with 
cartilage and enclosed in a capsule lined 
with synovial membrane, so that this 
forms a complete and distinct joint in 
itself. It allows the lower end of the radius 
and ulna to rotate on each other in op- 
posite directions so that when the hand is 
pronated the radius revolves round the 
ulna and crosses first to the front and then 
to the inner side of it, carrying the wrist 
joint with it 

Joints of the Hand 

The carpal bones arc jointed only to the 
radius so that when the radius moves, the 
wrist and hand move with it. Between the 
first row of carpal bones and the lower end 
of the ulna there is a pad of fibrocartilage 
separating the wrist joint itself from the 
radio-ulnar joint. The actual cavity of the 
wrist joint lies between the lower end of 
the radius and this pad of fibrocartilage 
above, and the first row of carpal bones 
below. The lower end of the radius and 
the pad of cartilage form together a con- 
cave surface into which the bones of the 
carpus fit; they are held there by a capsule 
formed of four distinct ligaments, one in 
front, one behind and one at each side. 
This is reinforced by strong bands of liga- 
ment which bind together the lower ends 
of the radius and ulna and all the carpal 
bones and attach them all to the bases of 
the metacarpal bones. 

In addition to the joint between the 
radius and the carpal bones, there are 
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Fig. 17. (a) Surface muscles of the arm and (b) deep muscles of the forearm, (a) z, Thick 

muscle covering the shoulder {deltoid); a, muscle running from arm to upper part of chest 
{ pectoralis major); .7, muscle running from arm to shoidder blade ( coracobrachialis ); 4 , 
biceps; 5, brachialis; 6, triceps 7, muscle used in turning the palm upwards {supinator 
longus); 8 and 9, ligaments holding bones of hand together {palmar carpal ligament and 
dorsal carpal ligament ); 10 s muscles used in stretching {extensor muscles); 11 muscles used 
in bending {flexor muscles), (b) 12, Muscle used in turning palm upwards {supinator brevis); 
13 3 muscle used in bending fingers {flexor digitorum profundus); 14 , muscle used in turning 
balm downwards {pronator quadratus). These muscles act on the various bones of upper arm 
and forearm , and enable us to raise } lower and bend the arm 5 and turn the hand. 
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joints between all the carpal bones them- 
selves. These joints are lined with synovial 
membrane and faced with cartilage, so that 
gliding movement is possible everywhere 
in the wrist, adding greatly to its flexi- 
bility. Wrist movements include, as might 
be expected in a hinge joint, flexion and 
extension, and also considerable lateral 
movement, especially towards the mid- 
line of the body. It is also possible to twist 
the hand round in a circular manner; this 
movement i^called circumduction. 

Muscles of the Hand 

The manner in which the carpus, and 
through it the whole hand, is jointed to the 
radius makes it clear how pronation and su- 
pination are performed; but we have not 
yet considered the muscles responsible for 
these movements. The main pronator of 
the forearm is the pronator radii teres 
muscle (Fig. 16). It arises from the inner 
side of the lower end of the humerus and 
from the top of the ulna, and is attached to 
the outer side of the shaft of the radius. In 
this way it wraps round the upper part of 
the front aspect of the forearm, and when 
it contracts twists the radius round so that 
the latter rotates and carries the hand over 
until the palm lies face downwards (Fig. 17). 
It is helped by another stout square little 
muscle, the pronator quadratus, which lies 
between the lower parts of the radius and 
ulna and is attached to both of them. This 
muscle helps the lower end of the radius to 
rotate round the lower end of the ulna. 

Supination is performed chiefly by the 
supinator brevis muscle, which arises from 
the outer side of the lower end of the hu- 
merus and from the back of the olecranon 
process of the ulna, and wraps round the 
outer side of the arm, its fibres running 
from behind to be attached in front to the 
upper part of the shaft of the radius. By 
pulling on the radius from behind it twists 
it back from the pronated position until it 
lies parallel to the ulna. Various other 
muscles help a little in these movements. 

Hinge movement at the wrist (Fig. 19) is 


also performed through various extensor 
and flexor muscles, the flexors bending the 
wrist forwards and the extensors first 
straightening it and then bending it back- 
wards. The extensor muscles arise in a 
thick group from the outer side of the 
lower end of the humerus, and the flexors 
in a similar way from the inner side. The 
flexors form a firm band of muscles which 
can be felt on the front of the forearm. 

In addition to moving like a hinge, the 
wrist can bend a little sideways. The mus- 
cles which bend the wrist towards the 
little finger side are the two ulnar carpal 
muscles, flexor and extensor. Acting alone, 
the flexor muscle, as we have seen, simply 
bends the wrist forwards, whereas the ex- 
tensor, acting alone, extends it; but when 
both act together each counteracts the 
effect of the other upon the hinge joint of 
the wrist, and they simply pull the hand 
inwards towards the mid-line of the body. 

In the same way, at the outer side of the 
hand the radial carpal muscles act together 
to bring the hand away from the mid-line of 
the body; but this movement is a compara- 
tively weak one, in spite of the fact that 
three of the thumb muscles help in it, the 
long and short extensors and the abductor 
of the thumb. 

Moving the Fingers 

Not all the muscles of the forearm (Fig. 
17) are concerned with movements at the 
wrist; many of them have long tendons 
which run over the palm and back of the 
hand to move the fingers (Fig. 18). Before 
discussing them, the joints between the 
metacarpal bones and the phalanges must 
be examined. They arc very simple. The 
four metacarpal bones belonging to the 
fingers lie in a straight line attached to the 
carpus, but the metacarpal bone belonging 
to the thumb is set at an angle to allow for 
grasping movements; this characteristic is 
confined to the human thumb and the 
thumbs of apes and monkeys. 

The phalanges of all the digits are joined 
to the metacarpal bone in the usual way: 
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• Fig. 18. Muscles and tendons •of the hand. J, Muscle used in bending the fingers (flexor 
l sublimis digitorum ) running from lower end of upper arm and dividing into four tendons, 
[ one for each finger; 2 , muscle used in bending the thumb; 3, muscle covering base of palm 

I ; (palmaris longus ); 4, muscles used in moving little finger; 5, muscles used in moving thumb. 
The lumbncals help both to bend and stretch the fingers. They arise from the tendons of the 
deep muscles used in bending the fingers , blend with the finger -stretching muscles , and 
are attached to the joints between the bones of the hand and those of the fingers . 
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the slightly rounded base of the phalanx 
fits on to the slightly concave head of the 
metacarpal and the two are held in contact 
with each other by a capsular ligament. 
Similar joints exist between the different 
phalanges themselves. All the joint sur- 
faces are covered with cartilage and lubri- 
cated with synovial fluid, so that move- 
ment at the joint is free 



Fig. 19. Muscles used in turning the wrist. 
The bending muscles (flexors) bend the wrist 
forwards and the stretching muscles (exten- 
sors) straighten it and bend it backwards. 

So many activities depend on the move- 
ments of the fingers that it is not surprising 
to find them ingeniously supplied with ten- 
dons which allow for movement at every 
one of the joints just described. The mus- 
cles which bend the fingers lie in the fore- 
arm (Fig. 17); one of them, the flexor sub- 
limus digitorum, arises partly from the 
inner side of the lower end of the humerus, 
with the other flexor muscles, and partly 
from the upper ends of the radius and ulna. 
The muscle divides into four tendons, one 
of which goes to each of the four fingers 


opposite the bottom joint of the fingers 
each tendon splits and the two tendinous 
slips are attached to the second phalanx at 
either side. When the muscle contracts it 
bends the fingers at the joint between the 
first and second phalanges. 

The second flexor muscle of the fingers, 
flexor digitorum profundus, lies in the fore- 
arm under the flexor sublimis digitorum. 
It arises from the ulna, and like the super- 
ficial flexor muscle divides into four ten- 
dons, one to each finger. These tendons 
run underneath the superficial tendons as 
far as the second phalanx, where the super- 
ficial tendon splits into two; the deep ten- 
don passes between the two slips, to be 
attached to the terminal phalanx of the 
finger. The deep flexor muscle can only 
act in sympathy with the superficial one, 
flexing the terminal phalanges when the 
superficial muscle flexes the joints be- 
tween the first and second phalanges. 

Bending the Thpmb 

In addition to these flexors of the fin- 
gers, the thumb has a special flexor mus- 
cle of its own which arises from the upper 
part of the radius and is attached to the 
last phalanx of the thumb. This muscle 
not only bends the thumb but helps to 
bend the wrist, so it must be included as 
one of the flexor muscles of the wrist joint. 

The extensor muscles of the fingers lie 
on the back of the forearm, and are used 
to straighten the fingers when they have 
been bent. The chief of them arises from 
the outer side of the humerus, at its lower 
end, and is attached to the phalanges of 
the fingers by four tendons, one to each 
finger. At the wrist these tendons pass 
under the dorsal carpal ligament, which 
acts as a fulcrum upon which they can 
exert leverage; thanks to this ligament the 
long extensors of the fingers cannot only 
pull the fingers backwards, but can extend 
the wrist as well. Separate extensor mus- 
cles run from the group on the back of the 
forearm to supply the first finger, the little 
finger and the thumb. The long abductor 
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Fig. 20. Muscles of hand: i , Muscle used in stretching the thumb ( extensor longus pollicts ), 
2, muscles lying between bones of the hand (j nterossei ). Three of these , lying in the palm , 
are usea l in bringing the fingers together; the other four, at the back of the hand, spread them 
apart. 1 here are altogether, in addition to the muscles of the forearm, which act on the fingers, 
twenty small muscles in the hand itself. 
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muscle of the thumb runs from the back made possible. The muscles attached to 

of the radius and ulna to the base of the the little finger are comparatively weak, 

thumb; it acts by drawing the thumb away Of the small muscles lying between the 

from the mid-line of the hand and by help- metacarpals (the interossei), three lie in 

ing to abduct and extend the wrist. the palm of the hand and help to bring 

In spite of this fine array of muscles in the fingers together; and the other four, 
the forearm, we have an additional battery their antagonists, lie on the back of the 
of twenty small muscles in the hand itself hand and spread the fingers apart. In ad- 

(Figs. 19 and 20). Five of these form the dition there are four curious little muscles 

swelling at the base of the thumb and four called the lumbricals which actually arise 

make up the swelling at the opposite side from the tendons of the deep flexor mus- 

of the palm, at the base of the little finger; cles supplying the fingers, and are attached 

the rest are packed into the spaces between to the joints between the metacarpals and 

the metacarpals. The thumb muscles are the phalanges. They help to flex the fingers 

attached to the bones of the wrist at one at these joints; but, by blending with the 

end and to various points on the thumb at extensor tendons on the back of the 

the other, and are so well arranged that a phalanges, they also play a part in ex- 

most delicate varietv of movements is tending the fincers 



Fig. 21. Back view 0) the pelvis, Ligament running from base of spine (. supraspinous 
ligament ), 2, hip bones {ilium); 3 and 4 , ligaments joining base of spine to hip ( sacro-iliac liga- 
ment and great sacro-sciatic ligament). These ligaments are very strong , and make the back of 
pelvis almost splid , These great muscle masses are , however , very susceptible to rheumatism. 
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Our arms are freely movable, but as our 
legs are designed chiefly for standing and 
walking, it might be thought that a sim- 
pler type of joint would suffice in the hip 
region. This is far from being the case. It 
will be remembered that the hip girdle, or 
pelvis (Fig. 21), is composed of the sacrum 
at the back, and the two innominate bones 
in front and at the sides; and that the in- 
nominate bones are each composed -of 
three parts, the ilium, the ischium and the 
pubis. These three portions of each in- 
nominate bone are fused into one, but 
these two composite bones are fused 
neither with the sacrum behind nor with 
each other in front; so that there are three 
joints in the pelvis, one at each side of the 
sacrum, and one between the two in- 
nominate bones in front. 

The sacrum is wedged in tightly be- 
tween the two innominate bones, being 
lointed to both the ilium and the ischium, 
and is held in place by a number of power- 
ful ligaments (Fig. 21). Strong bands of 
ligament run from the wing of the ilium 
to the sacrum, and other bands attach the 
sacrum to the ischial tuberosity. Another 
powerful band connects the crest of the 
ilium with the tuberosity of the ischium 
and so reinforces and strengthens the 
whole joint. On the front aspect of the 
sacrum, stout ligaments bind the bone to 
the two innominates and make this por- 
tion of the pelvis almost solid. Unfortun- 
ately these great strands of fibrous tissue 
are a favourite site for rheumatism, and 
once rheumatism has invaded the sacro- 
ischial joint it is difficult to get rid of 

Joints of the Pelvis 

The joint at the front of the pelvis is not 
so rigid as the sacro-iliac joint; a pad of 
fibrocartilage separates the two pubic 
bones, which are in addition bound to 
each other by anterior and posterior, 
superior and inferior ligaments. This joint 
is important in women; during the birth 
of a child, the ligaments relax a little to 
allow the joint to ease slightly, so that the 
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Fig. 22. The parts of the hip joint. 1 
Pelvis ; ligament of hip socket ( cotyloia 
ligament ); hip socket ( acetabulum ), 4 
head of the thigh; 5, thigh bone; 6, ligamen 
tying thigh bone into hip socket ( teres ligament 

pelvic canal becomes a little less rigid. On 
each side of the mid-line, a ligament rum 
from the upper surface of the pubis to 
the crest of the ilium, forming a bridge 
beneath which several important muscles 
vessels and nerves find their way over the 
brim of the pelvis to the leg. This is the 
inguinal ligament or ligament of Poupart 
The hip joint itself is formed by the 
innominate bone and the head of the 
femur (Fig. 22). The head fits into the 
acetabulum, a bony socket on the outer 
side of each innominate. This socket is 
very deep, and is made still deeper by a 
circular ligament, the cotyloid, which runs 
round the border of the bony socket and 
increases its capacity. There is a notch in 
the bone at the inferior margin of the 
acetabulum; across this margin the coty- 
loid ligament forms a bridge, and, under 
this bridge, vessels and nerves enter the 
joint. From the sides of the notch, two 
strong bands of ligament spring and unite 
to form a cylindrical cord, the teres liga- 
ment, which is attached firmly to the head 
of the femur, tying it into the acetabulum 
very much as a string ties the leg of a 
jointed doll into its socket. This strong 
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Fig. 23. Reinforcement oj the hip juim. 
1, Pelvis; 2, Y-shaped ligament from upper 
edge of hip to front of thigh hone; 3 , thigh bone. 

ligament is extremely difficult to rupture, 
and acts like a mooring rope to keep the 
head of the femur in place. 

In addition, there is the usual strong 
capsule enclosing completely the head of 
the femur and the borders of the acetabu- 
lum; it is reinforced by a powerful Y- 
shaped ligament (Fig. 23) which runs 
from the upper margin of the ilium to the 
front aspect of the femur and which has 
been developed to this extent only in 
animals which use the erect position. 
When the hip is extended, that is to say, 
when we are standing upright, this liga- 
ment forms a strong, stretched band which 
prevents the pelvis from tilting backwards, 
and so preserves the muscles of the front 
of the thigh from strain; it is probably one 
of the most useful ligaments we possess. 
The capsule is reinforced by various other 
bands of ligaments. 

The hip is a beautiful example of a ball- 


and-socket joint, and allows considerable 
movement. While we cannot extend the 
hip beyond a straight line, we can flex it 
so freely that we can bring the front of the 
thighs into contact with the abdominal 
wall, provided the knees are bent. We can 
also abduct the leg — a movement every- 
one uses when, in mounting a bicycle, the 
leg is swung out to the side in order to 
clear the saddle; or we can adduct the leg, 
bringing the thighs together. We find the 
adductor muscles especially useful when 
riding on horseback; they enable us to 
drive our knees well into the horse’s sides 
and so help us to maintain our balance. 

The chief muscles which flex the thigh 
(Fig. 24) arise inside the pelvis from the 
inner surface of the wing of the ilium and 
from the lumbar vertebra. These muscles, 
the psoas and iliacus, form a thick band 



r, 2 and 3, Muscles running from pelvic 
cavity to the thigh hone ( psoas minor , psoas 
major and iliacus ); 4, ligament from pubic 
bone to hip {inguinal ligament ). 
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Fig. 25. Surface muscles of the teg. 1 and Muscles 0} the buttock used in straightening 
the leg ( gluteus medms and gluteus maximus); 3 , 12, 13 and 14 , muscles used in moving thigh 
(adductor magnus, iliacus , psoas major and adductor longus ); 4 , 5 and 6, the hamstrings 
(semi-tendinosus, biceps and semi-membranosus); 7, 8 and 10 , muscles of the calf, used in 
stretching leg ( gastrocnemius , soleus and peroncus); 9, muscle used m bending toes; //, tendon 
at back of heel ( tendon of Achilles); 13, muscle used to bend hip and knee ( sartorius ); 16, muscle 
of thigh (rectus femoris); 17 , muscles above knee (vastus muscles); 18 , shin bone; 1 9, muscle 
at front of shin bone (anterior tibial ); 2c , muscles used in stretching toes. 


lining the pelvic cavity at each side and 
join together to slip over the pelvic brim 
beneath the inguinal ligament and attach 
themselves by a single tendon to the femur 


The two stout prominences on the fe- 
mur situated just at the point where the 
neck joins the shaft are called the greater 
and lesser trochanters. Wherever bone is 
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Fig. 26. Deep layers of leg muscles. I and 2, Surface buttock muscles, cut away (gluteus 
maximus and gluteus minimus ); 3, 4 and 5 , the hamstrings ( biceps , semi-tendinosus and semi- 
membranosus); 6 , calf muscle ( soleus ); 7 , muscles used in stretching toes ( extensor muscles)- 
8 and 9, muscles used in bending great toe ( long flexers of great toe); 10, muscle at back of 
shin bone ( posterior tibial). Note fan-shaped adductor muscles attached to thigh bone. It is 
these muscles which give the curved appearance to the inner side of the thigh. 
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subjected to the strong pull of a muscle it 
develops a projection in response to the 
strain. The trochanters of the femur are 
examples of bony prominences developed 
in this way. The single tendon of the psoas 
and iliacus muscles is attached to the lesser 
trochanter; when they contract they bring 
the femur up towards the abdomen. In a 
way they are acting at a mechanical dis- 
advantage, because the lesser trochanter is 
so near the upper end of the femur that the 
psoas and iliacus muscles have hardly any 
purchase on that long bone; on the other 
hand, the brim of the pelvis provides them 
with a fulcrum and makes it possible for 
them to lever up the femur in spite of its 
great length. 

Muscles of the Hip 

The extensor muscles of the hip form 
the curve of the buttock (Fig. 25). The 
chief is the gluteus maximus, which arises 
from the crest of the ilium and the side of 
the sacrum, and is attached to the femur 
just below the great trochanter; the glu- 
teus medius lies underneath it, arising 
from the ilium, and is attached to the top of 
the great trochanter. When these two mus- 
cles contract they pull the femur backwards 
so that the leg is in a straight line with the 
spinal column. If it were not for the Y- 
shaped ligament of the hip joint they would 
pull it still farther back and we should find 
Durselves in one of the ridiculous attitudes 
af those toy animals of which the legs, at- 
tached by elastic, can be twisted into the 
most extravagant poses. The gluteal mus- 
cles are in contraction when we are stand- 
ing upright, and are two of the most hard- 
working and best developed muscles of 
the whole body. 

The movement of adduction is carried 
aut by a set of three adductor muscles 
(Fig. 26) which arise from a point near 
where the pubic bones join. Their fibres 
spread out fanwise to be attached to the 
inner border of the femur along its whole 
length. These powerful muscles give the 
characteristic curve to the thigh. 
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Abduction of the thigh is carried out 
chiefly by the gluteus medius (Fig, 27). 
When it acts as an abductor it is helped by 
the gluteus minimus (Fig. 26) which arises 
from the ilium beneath the other two glu- 
teal muscles and is attached to the great 
trochanter of the femur. When these two 
muscles contract they pull the trochanter 
upwards and tilt the neck and head of the 
femur down, so that the head rotates 
downwards in its socket and the leg is 


1 


\ 
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Fig. 27. Muscles which move the thigh. 
t , Gluteus maximus cut away. The glutea. 
muscles attached to the hip and the thigh 
are among the most hard working in the body 

raised from the side. This movement has a 
limited application in everyday life but is a 
very useful addition to our repertoire of 
movements. We owe it to the fact that we 
spring from ancestors whose lives de- 
pended upon gymnastic feats in trees. Had 
we come of a stock which put its faith 
merely in fleetness of foot, our hind limbs 
would have been as specialized as those of 
the horse, and would have been equally 
incapable of the wide variety of sideways 
movement which are in their power. 

Three bones take part in the knee joint 
(Fig. 28); the lower end of the femur, the 
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upper end of the tibia and the patella which 
lies in front of them. The fibula takes nc 
part in the joint, but is jointed to the tibia 
just below it. At the lower end of the femur 
are two rounded prominences called the 
condyles; towards the front of the bone 
these prominences melt into a common 
surface, but at the back they are separated 
by a deep groove. The top of the tibia bears 
two shallow saucer-like areas upon which 
these condyles move. They are not in 
direct contact with the tibia, however. 



Fig. 28. The knee joint. 1 The thigh 
bone ; 2 , 3 and ligaments running from the 
shin bone to the thigh bone ( posterior cruciate , 
anterior cruciate and transverse ligaments). 

A similar arrangement is found in the 
knee as obtains in the wrist joint, where a 
small triangular wedge of fibrocartilage fits 
m between the lower end of the ulna and 
the wrist joint. Lying on the upper surface 
of the tibia are two curved pieces of carti- 
lage, the semi-lunar cartilages, thick at the 
outer border but narrowing to the thinness 
of a wafer towards the inside of the joint. 
The name is rather misleading, because 
they are shaped more like crescent moons 
or horseshoes than half-moons. 

These two cartilages fit in between the 


condyles of the femur and the saucer-like 
surfaces on the top of the tibia, and not 
only play the part of shock absorbers but 
also make gliding movement possible. 
They have their drawbacks, for if they are 
torn from their attachments, as they may 
be by a sudden jerk, they are liable to be- 
come folded inside the joint and to give rise 
to such severe pain that walking is tempor- 
arily impossible. Footballers often experi- 
ence this accident, and although the dam- 
aged cartilage can usually be put back into 
position it is always apt to become dis- 
placed again. In the end an operation for 
removal of one or both cartilages fre- 
quently becomes necessary. Curiously 
enough, the knee joint functions reason- 
ably well even when both cartilages have 
been removed. 

The Knee-cap 

Inside the joint, two ligaments, the cru- 
ciate, run between the femur and the tibia, 
crossing each other as they pass. The whole 
joint is enclosed in a capsule, fairly thin in 
itself but reinforced by all the local liga : 
ments and tendons, the chief of which is 
the patellar tendon. The patella (Fig. 29) is 
the rounded knee-cap lying in front of the 
joint; it is embedded in the tendon of the 
great quadriceps femoris muscle which lies 
on the front of the thigh. The tendon, after 
embracing the patella, travels on to be at- 
tached to the front of the tibia near its up- 
per end. It is this short stretch of tendon 
between the top of the tibia and the lower 
border of the patella which the doctor taps 
w'hen he examines the knee jerk. 

The head of the fibula is attached to the 
side of the tibia just below the knee by a 
small capsule of its own lined with a syno- 
vial membrane entirely separate from that 
of the knee joint; a ligament runs from the 
lower end of the femur to the head of the 
fibula and helps to keep it in position. It 
will be clear from this that the leg has no 
power of supination and pronation equiva- 
lent to those found in the forearm because 
the fibula lacks a pivot joint at its upper 
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:nd;it is, in fact, simply glued alongside the 
:ibia like a kind of splint. 

Movements at the knee joint are con- 
fined to flexion, extension and slight rota- 
tion, the muscles on the front of the thigh 
being the extensors and those on the back 
the flexors. The chief extensors arc the 
thick bands of muscle which make up the 
quadriceps femoris. They rise partly from 
the front of the pelvis but chiefly from the 
front aspect of the femur itself, and unite to 
form the patellar tendon attached to the 
tibia. They are immensely powerful; if we 
throw them into action when the knee is 
bent, they first bring the patella into con- 
tact with the front of the knee and then 
lever the tibia forwards by means of the 
tension which is exerted through the 
lower part of the tendon. 

Running across the quadriceps muscle 
diagonally is a narrow strap-like muscle, the 
sartorius or tailor’s muscle (Fig. 30). The 
sartorius is the longest muscle in the body, 



Fig. 29. Ligaments of the knee joint. 1, 
Thigh bone; knee-cap {patella); J, sac 
between the muscles which lessens friction ; 
4 , shm bone; 5, stretching muscle ( quadriceps 
extensor); 6, ligament below knee-cap 


<?Q 



Fig. 30. Muscles which contract to bend 
the knee. /, Muscle which bends hip and 
knee and turns thigh outwards {the tailor ’•> 
or sartorius muscle); a and > , hamstring ' 
{semi-membranosus and scmi-tcndinosus) 

it rises from the front of the crest of the 
ilium and is attached to the upper part of 
the tibia on its inner side. When it con- 
tracts, it flexes both the hip and knee and at 
the same time rotates the thigh outwards 
and abducts it. This sounds more compli- 
cated than it is. It is the movement we em- 
ploy when we sit cross-legged upon the 
floor, as tailors used to do in the old days 
Opposing the action of these muscles are 
the hamstrings, which form the muscular 
mass at the back of the thigh. There are 
three hamstrings: the biceps (Fig. 25), the 
semi-membranosus and the semi-tendino- 
sus. The biceps, like the biceps in the arm, 
rises by two tendons, one from the ischium 
and the other from the shaft of the femur 
itself, and is attached to the head of the 
fibula. The semi-membranosus and the 
semi-ten dinosus also rise from the ischium, 
but they are attached to the tibia on its 
inner side; so that the hamstring muscles 
divide at the back of the thigh, and their 
tendons can be felt running down as stout 
cords at either side of the knee joint, one 
going to the outer side and two to the inner. 
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When they contract they pull the tibia and 
fibula up towards the pelvis, bending the 
knee. In medieval times it was not uncom- 
mon to punish offenders by hamstringing, 
that is to say, by cutting the hamstring 
tendons behind the knee so that the man 
could no longer bend his leg. 

At their lower ends, the tibia and fibula 
are bound together by ligaments, and at 
either side arc prolonged downwards to 
grip the astragalus like a pair of tongs 
(Fig. 31). Anterior and posterior liga- 
ments unite to make a firm capsule to this 
joint, with extra bands reinforcing the 
sides and binding the tibia and fibula to 
the other tarsal bones. When the ankle is 
sprained the sole of the foot is usually 
turned inwards; the outer part of the 
capsule is strained and very often a few of 
its fibres are torn; pain and swelling arc 
present for a few days but the capsule 
quickly mends and the disability is seldom 
great. On the other hand, the jerk may be 
so sudden that the fibres of the ligament 
tear off with them a flake of bone from the 
lower end of the fibula. This accident can 
be detected only by X-ray examination, 
and this is why, in the case of a severe 
sprain, the doctor usually insists upon a 
radiograph being taken. 

The tarsal bones are bound to each 
other and to the metatarsal bones by liga- 



Fig. 31. Ligaments of the ankle joint. /, 
Shin bone {tibia); 2 , smaller bone of lower 
leg {fibula); J, ligament binding these bones 
together {tibio-fibular ligament ). 



Fig. 32. Tendons of the ankle joint. /, 
Tendon of Achilles; 2, muscle at front of 
shin bone {anterior tibial); 3, muscle used 
in bending toes {flexor longus digitorum). 

mentous bands running in all directions. 
The chief movements at the ankle joint 
are flexion and extension, the former oc- 
curring when we bend the foot up towards 
the shin and the latter when we stretch 
the toes downwards. 

Muscles of the Calf 

Extension is carried out by the power-, 
ful group of muscles which give that hand- 
some curve at the back of the calf. The 
chief of these are the gastrocnemius, the 
soleus and the posterior tibial (Figs. 25 
and 26). The gastrocnemius rises by two 
bands, one from each side of the lower 
end of the femur, and the soleus from the 
back of the tibia and fibula. The fibres of 
both muscles unite to form a thick strong 
tenclon, the tendon of Achilles (Fig. 32), 
which is attached to the back of the heel 
bone. According to the legend, when the 
hero Achilles was a baby, his mother 
dipped him in the waters of Styx and 
so made him proof against all mortal 
weapons. But she picked him up by the 
heel and so unfortunately omitted to sub- 
merge thjs, so Achilles had still one vul- 
nerable spot in his body. In the end it was 
a wound in the heel which slew him. 

The posterior tibial muscle rises from 
the back of the tibia and fibula; its tendon 
does not join the tendon of Achilles, but 
passes behind the inner side of the ankle 
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joint to be attached to the scaphoid bone 
of the tarsus. When these three calf mus- 
cles contract they pull on the heel bone 
and tarsus, tilting the foot downwards so 
that the weight falls on the ball of the toe. 
Every time we take a step, we perform this 
movement, and we use it in springing, 
leaping and running. At the end of each 
step we lower the heel so that the weight is 
transmitted to the whole foot; this action 
is performed by the muscles on the front 
of the leg, especially the anterior tibial, 
which arises from the front and side of the 
tibia and is attached to the first metatarsal. 
It is helped by the extensor longus digi- 
torum (Fig. 33), which rises from both 
the tibia and the fibula and divides into 
four tendons which arc attached to the 
phalanges of the four outer toes. The great 
toe has its own extensor muscle, arising 


from the fibula. This arrangement resem- 
bles that of the tendons in the hand, and 
reminds us that our remote ancestors had 
a great toe which they could use for grasp- 
ing just as we use the thumb. 

Flexor muscles are attached to the toes 
on their under side. The flexor digitorum 
longus (Fig. 34) rises from the shaft of the 
tibia at the back and is covered by the 
soleus and gastrocnemius muscles. Like 
the extensor muscle, it has four tendons 
which run to the four outer toes; and the 
great toe has a separate flexor, also arising 
from the back of the tibia. These muscles 
are much less important than those in the 
hand, because we need to bend our toes 
comparatively little. They help to bend 
and straighten the ankle, in the front of 
which three bands of ligament form a Z- 
shaped strap, the upper band crossing the 



Fig. 33. Muscles used in stretching ankle and foot, i, 3 and 4 , Muscles at back of cal) 
{gastrocnemius , soleus and per one us); shin muscle ( tibial ); 5 and toe stretching muscles 

( extensor longus digitorum and extensor brevis digitorum ); 7* strong bone of the foot. 
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tendons above the ankle , the lower below , 
and the third band joining the other two 
diagonally. When the extensor muscles 
have straightened the toes, this third liga- 
ment holds the tendons fixed at the ankle 
joint, and any further contraction of the 
muscles merely helps to bend the foot up 
towards the shin. A similar band of liga- 
ment crosses the back of the ankle joint 
and encloses all the tendons there except 
the tendon of Achilles. In this way, when 
the flexor muscles have caused the toes to 
curl up they can continue their action, 
using this ligament as a fulcrum, and help- 
ing the calf muscles in the process of 
turning the foot downwards. 

Moving the Foot 

Notice that the terms flexion and exten- 
sion become a trifle inaccurate when we 
speak of the foot. The extensor muscles 
extend, that is straighten, the toes; but if 
their action is continued they help to bend* 
the foot upwards on the ankle, that is* to 
flex it. In the same way, the flexor mus- 
cles, pulling on the under surfaces of the 
toes, can make them curl up; but when 
they act further they help to straighten, or 
extend, the ankle. The reason for using 
the terms thus becomes clear if we remem- 
ber that the sole of the foot corresponds 
to the palm of the hand, and that exten- 
sion of the foot corresponds to bending, 
or flexion, at the wrist; whereas the move- 
ment of bending the foot upwards towards 
the shin (flexion) is identical with exten- 
sion in the hand. 

In the hand, the interest centres in the 
movements performed with the fingers; 
in the foot, the toe movements are unim- 
portant compared with those performed 
in walking. The chief muscles used in 
walking lie in the calf. The bones of the 
foot form a longitudinal arch (Fig. 33), 
the posterior pillar being formed by the 
heel bone and the anterior pillar by the 
base of the great toe; the keystone of the 
arch is the astragalus. All the bones taking 
part in this arch are bound together by 


strong , resilient ligaments ; one of these, 
the spring ligament, attaches the under 
surface of the heel bone to the front of the 
tarsus and helps to support the astragalus, 
so that it acts as a kind of tic to keep the 
pillars of the arch from spreading. 

The long plantar ligament, fulfilling the 
same purpose, is also attached behind to 
the heel bone and, in front, to the metatar- 
sal bones, thus acting as a second and a 
longer tie. In addition, the arch is held up 
by the tendons of two strong muscles, the 
flexor digitorum longus and the long flexor 
of the big toe, which lie at the back of the 
calf. Their tendons pass behind the ankle 
on the inner side, and then hook them- 
selves under a stout little wing of bone 
which projects from the side of the heel 
bone. This little prominence, the susten- 
taculum, helps to carry the astragalus on 
its upper surface; the two tendons, passing 
beneath it, act as cables receiving some of 
the weight of the astragalus, which in turn 
takes the full weight of the body. 

The arch is further reinforced by the 
tendon of the anterior tibial muscle (Fig. 
32), which curves round from the upper 
surface of the foot to be attached to the 
under surface of the tarsus; and by the 
tendon of the posterior tibial muscle 
which, after passing round the inner side 
of the ankle to be attached to the under 
surface of the scaphoid, sends fibres to 
most of the other bones of the tarsus and 
to some of the metatarsals as well. 

Muscles of the Sole 

The small muscles in the sole of the 
foot spring into action when we stand, and 
help to maintain the arch. These include 
the short flexor of the toes, flexor brevis 
digitorum (Fig. 34), which arises from 
the heel bone, forms a stout little pad of 
muscle under the middle of the sole and 
sends a tendon to each of the four outer 
toes; and the lumbrical and interosseous 
muscles which have attachments corres- 
ponding to those of their counterparts 
in the hand (Figs. 18 and 20). 
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Fig. 34. {Left) Muscles of sole of foot. (Right) Muscle s of joot. (Left) 1 , 2 and J, Muscles 
used m betiding the toes ( abductor polhcis, flexor brevis digitorum, flexor digitorum longus). 
(Right) 1, Muscle used in stretching toes ( extensor longus digitorum); 2, strong band of ligament 
encircling the ankle (annular ligament); j, bones of the foot (metatarsal); 4 , muscle used in 
stretching the great toe. Notice that the stretching muscles of the toes , when they continue 
their action, beyond straightening the toes , help to bend the foot upwards on the ankle , 
and the bending muscles of the toes stretch the foot after their bending action is complete 


« It will now be clear what an admirable 
springy device the longitudinal arch of the 
foot should be. Acting as a natural shock 
absorber, it takes the weight of the body 
much as the springs of a car take the 
weight of the chassis. The longitudinal 
arch, however, is not the only arch in the 
foot: there is a transverse arch also near 
$he front of the foot, running* from the 
v Jbase of the big toe on the inner side to the 
: l^ase of the little toe on the outer side. The 
|foads of the three middle metatarsal bones 
between these two points, and in the 
formal foot these heads never touch the 


ground but are raised above it, forming 
the transverse arch. In young children it 
is easy to see that this arch is present; 
there is a slight hollow in the sole, just 
behind the bases of the toes, which is soft 
and flexible when pressed. In grown 
people, unfortunately, this flexible hollow 
is often replaced by a hard horny swelling 
— almost a corn. The pressure of such a 
hard area in the middle of the front part 
of the sole is a sign that the anterior arch 
of the foot has collapsed; the heads of the 
middle three metatarsal bones are resting 
upon the ground, and usually causing their 
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owner considerable pain. High heels help 
to induce collapse of the anterior arch 
because they throw the weight of the body 
on to the front part of the foot, which was 
not meant to bear it. 

The foot is not designed as a passive 
weight bearer, but as an active machine 
for transport. If we stand long in one posi- 
tion the muscles supporting the arch of 
the foot become tired and the strain is 
transferred to the ligaments. Ligaments 
cannot lengthen and contract like muscles; 
though they are to some extent elastic, 
they will stretch if kept at strain, and once 
stretched cannot be shortened again. 
People, such as nurses and policemen, 
who have to stand for long hours often 
find that the ligaments of the feet have 
given way and their feet have become flat. 
Usually the anterior arch goes first and 
the longitudinal arch follows suit. This 
makes walking laborious and standing 
painful. Growing children who are kept 
too much on their feet arc apt to lose their 
arches. It should be borne in mind that all 
feet, young and old, work best if they are 
given alternating movements to perform. 
When we are walking the strain is thrown 
alternately on opposing groups of muscles 
so that each set has a period of action fol- 
lowed by a period of rest. So long as this 
process is continued the arch is well sup- 
ported, and not likely to break down. 

Turning the Ankle 

Running down the outer side of the leg 
is a group of three muscles. These are the 
peroneal (Fig. 25), which arise from the 
fibula one above the other; their tendons 
pass behind the outer prominence of the 
ankle. Two of them are attached to the 
fifth metatarsal bone; they help to extend 
the ankle joint and to turn the sole of the 
foot outwards— a very limited movement. 
The third peroneal tendon slips round the 
outer border of the foot and then runs 
diagonally across the sole, to be attached 
to the first metatarsal. It acts as a sort of 
extra support to the arch of the foot, form- 


ing a cross strap, so to speak, with the long 
flexor tendons which are crossing the foot 
diagonally from the opposite direction. 
Like the other two peroneal muscles, it 
helps to extend the ankle joint and to turn 
the foot outwards. When we wish to turn 
the sole of the foot inwards, we use the 
anterior tibial and its fellow on the back of 
the leg, the posterior tibial. 

Other Foot Movements 

If you run your fingers down the outer 
side of the leg from the knee to the ankle 
your fingers encounter the anterior tibial 
muscle. Its tendon passes beneath the Z- 
shaped ligament on the front of the ankle 
joint and crosses to the inner side of the 
foot to be attached to the under surface of 
the inner cuneiform bone and the first 
metatarsal; so that this muscle, too, acts 
as an extra support to the arch of the foot. 
When it contracts it tilts the sole of the 
foot inwards and helps to flex the ankle. 
The posterior tibial muscle (Fig. 26) rises 
from the back of the tibia and fibula and 
passes behind the inner side of the ankle 
joint to be attached to the under surface 
of the tarsus. When it acts with the gas- 
trocnemius and soleus it helps to extend 
the foot, but when the anterior tibial and 
the posterior tibial act together they turn 
the sole of the foot inwards. This move- 
ment can be seen to advantage in the well- 
known statue of the boy with the thorn : 
he sits scrutinizing his foot, with one ankle 
crossed over the opposite knee, and with 
his foot twisted round so that he can 
examine the sole. 

During the last thirty years, the cine- 
matograph has put the muscles of expres- 
sion (Fig. 35) in a class by themselves. On 
the stage, actors playing to large theatres 
know that their faces are visible merely as 
pink blobs to the greater part of their 
audiences, and they base their work on 
the assumption that emotion must be ex- 
pressed by the rest of the body rather than 
by the face. But the cinema puts every face 
under the microscope, so to speak, and 



MUSCLES AND JOINTS 


<55 




RADIOGRAPH OF THE KNEE 


Notice the strong rounded prominences at the lower end of the thigh bone , which lies in a 
mcer-hke surface at the upper end of the shin bone. Between the two bones is a curved 
piece of cartilage , which makes possible the gliding movement of the leg. 


oses even the minute details of facial 
pression. The result has been a great 
nee in facial acting. 

Fhat are the muscles that make these 
des of expression possible ? What gives 
irbo her sulky smile, Francoise Rosay 
1 quizzical eyebrow, or Eddie Cantor 
H air of surprise ? Expression is achieved 


mainly by movements of the mouth (Fig. 
36) and eyebrows. A circular muscle, the 
orbicularis oris, surrounds the mouth, 
helps to keep the lips closed and can also 
be used to compress them, thus giving 
the face an expression of determination, 
or to protrude them, giving an agreeable 
—or disagreeable— pout. When we smile* 
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Fig. 35- Muscles of the head and face. These are the muscles used in changing expressions 
so as to indicate feelings and emotions, 1, Muscles of the forehead { frontalis muscles), which 
produce the transverse furrows across the forehead; 2 , muscle used in frowning ( corrugator ); 
3 » circular {orbicular) muscle round the eye, which closes the eye or screws it up tightly; 
4, muscle running from cheek bone to the angle of the mouth {zygomatic muscle); 5, muscle 
used in pulling angles of mouth outwards; not really used in laughter, though called the laughing 
muscle { risorius ); 6, diamond-shaped muscle of back of neck { trapezius ); 7, muscles of back 
of head, used in moving skin of the scalp {occipital muscles); 8, muscles used in pulling down 
lower lip ; they blend in the middle, but each can act separately {depressor muscles); 9 , muscle 
used in pushing upwards and protruding lower lip {mentalis muscle ); 10, circular muscle 
surrounding mouth, which helps to close and compress lips {orbicular oris); 11, muscles used 
in deepening furrow at side of mouth {levators); 12, muscle used in drawing down comer of 
the mouth {platysma); 23 , muscle running from mastoid to breast bone {stemomastoid). 
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we use the zygomatic muscles which rise 
from the cheek bone and are attached 
to the angle of the mouth; they draw the 
angle of the mouth upwards and outwards. 
Some people are able to use one zygo- 
matic muscle only at will and thus to pro- 
duce a rather attractive one-sided smile. 
Another muscle rises from the sheath over 
the parotid gland and is attached to the 
comer of the mouth; it is called the 
risorius, or laughing muscle, though it 
acts by pulling the angles of the mouth 
outwards in a strange sardonic grin and is 
not a muscle used in ordinary genial 
laughter. In persons suffering from 
tetanus, or lock-jaw, this muscle is among 
those thrown into spasm, so that the 
patient carries a ghastly expression of 
amusement on his face. 

The depressor muscles of the lower lip 
rise from the lower maxilla and are 
attached to the skin at each side of the 
lip. The two muscles blend in the middle 
line, but when cither acts separately it 
pulls the lower lip downwards, giving the 
mouth an ironic expression. 

Expressing Surprise 

Another muscle, the platysma, by draw- 
ing down the lower lip and the corner of 
the mouth, helps to lend the face an ex- 
pression of horror and surprise. This 
strange muscle is a broad thin sheet arising 
|rom the sheath of the pcctoralis major and 
the deltoid muscles. Its fibres sweep across 
the clavicle and cross the side of the neck 
$>bliquely to be attached partly to the skin 
pf the lower part of the face and partly to 
jflie muscles round the mouth, with which 
|ts fibres blend. In man, the platysma can 
iierely wrinkle the skin of the neck and 
produce the movements of the lip already 
ftescribed, but in horses and many other 
llnimals this muscle is much more impor- 
|tent. It spreads over nearly the whole body 
Mnd enables the animal to twitch any isola- 
ted portion of its skin it likes. Thus you 
fell often see a horse dislodge a fly from its 
Jelly or back by shrugging the skin in that 



Fig. 36. Muscles of the mouth, j , Muscle 
used in smiling ( zygomatic ); 2 and 3, muscles 
used in lowering and raising the lip ( depressor 
and mentalis muscles). 

region. The movement is brisk and local 
and can be carried out more quickly than a 
swish of the tail. 

The levator muscle, running from the 
side of the nose to the upper lip, helps to 
deepen the furrow at the side of the mouth, 
and so gives an expression of sadness. This 
muscle is joined from above by another, 
which rises from the corner of the eye 
socket and sends slips to the wing of the 
nostril; when it acts, it pulls the lip up- 
wards and twists it outwards, and simulta- 
neously dilates the nostril on the same side. 
The result is the well-known sneer of 
Charles Laughton as Captain Bligh. 
Finally, the mentalis muscle pushes the 
lower lip upwards and protrudes it, giving 
an expression of doubt or disdain. 

The muscles round the eyes are no less 
active. An orbicular muscle, similar to that 
of the mouth, surrounds each eye and can 
be used either to close it gently or screw it 
up tightly. This screwing up movement 
produces folds at the angles of the eyelids 
which eventually form the crows’ feet of 
old age. A levator muscle which has the 
power of raising the upper lid runs for- 
wards from the back of the eye socket to be 
attached to the lid itself; this too is a muscle 
of expression, since it can pull the lid away 
from the eyeball to leave the staring iris 
surrounded by a rim of white. Every actor 
uses this muscle in registering terror 
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At the inner angle of the eye is a small 
muscle, the corrugator, which pulls the 
eyebrow downwards and inwards, giving 
the vertical furrows of a frown. The trans- 
verse furrows across the forehead are pro- 
duced by the frontalis muscles which 
blend in the mid-line of the forehead, and 
are attached to a smooth sheet of tendon 
running across the vault of the skull; the 
occipital muscles are attached to the other 
side of this tendinous sheet, and a sort of 
see-saw movement of the skin of the scalp 
is produced when the frontalis and occi- 
pital muscles act alternately. It is hardly an 
expressive gesture and actors rarely use it, 
but it has made many a man popular 
among his nieces and nephews. 

Three muscles which in man have little 
purpose, if any, are active in other animals. 
These are the small muscles attached to 
the ear, one above it, one behind and one in 
front. A few people can use them to wag 
their ears; the accomplishment has enter- 
tainment value but registers no particular 
emotion. Animals, however, can convey 
fine shades of opinion with their ears; a 
horse can twitch them in most sinister 
fashion, as every novice in the riding 
school knows very well. 

Filling Up Spaces 

The framework of the body consists of a 
strong bony skeleton to which the muscles 
are attached, and upon which they act to 
produce movement. Inside the skeleton a 
system of packing has been adopted which 
gives every organ its appropriate cranny. 
But any one who has packed a parcel of 
china knows that padding is necessary to 
keep the various items in place. In the body 
there are two packing materials available, as 
well as a tough wrapper in the form of the 
skin. Connective tissue acts as adhesive 
material between surfaces which lie close 
to each other, and fat fills up the comers 
which are not otherwise occupied. 

The muscles are enclosed in sheaths 
which become thickened at either end to 
form tendons; in between the muscles lie 


thin sheets of connective tissue, made up of 
cells and elastic fibres. These form a pliable 
packing material between the various mus- 
cle layers. Covering the muscles and lying 
between them and the skin is a layer of fat 
of variable thickness, which not only acts 
as a protection and buffer but also plays 
a part in conserving heat. 

Value of Fat 

Fat consists of cells distended with oily 
material, liquid in the living person but 
solidifying when the body becomes cold in 
death. As we advance in years we develop a 
distressing ability to produce fat; it may 
also be formed in excess in certain diseases. 
But in spite of these disadvantages it is a 
valuable component of the body, and we 
should be badly off without it. In the ab- 
dominal cavity, for example, each kidney 
nestles comfortably in a bed of fat; and a 
thick curtain of fatty tissue hangs down 
from the lower border of the stomach cov- 
ering the organs in the abdomen like an 
eiderdown. Fat forms the padding round 
the eyeball; fat is tucked round the big 
blood vessels where they come danger- 
ously near the surface; and the fat which 
forms the pads over the ischial tuberosities 
results in sitting being a pleasure instead 
of a penance. 

Ensheathing our whole complicated 
mechanism, neatly and tightly, is the skin, 
our final defence against a hard world. In 
most places it is attached only loosely by 
means of a connective tissue to the fatty 
layer beneath it, but here and there it is 
tied down; for example, on the palms of the 
hands and the soles of the feet a stout layer 
of fibrous tissue is interposed between the 
skin and the structures which lie beneath. 
An intact skin is one of our best defences 
against invading micro-organisms; and if 
it is not such a good defence against direct 
injury as, say, the shell of the tortoise, it is 
much less hampering and allows us to fol- 
low that taste for active pursuits which we 
inherit from the remote days when our 
ancestors lived in trees. 
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Almost from the earliest times of which 
we have any record, the scientifically 
minded have been attracted by the sensa- 
tions of the beating heart and the throb- 
bing pulse. Yet it was not until a few hun- 
dred years ago that any one put forward 
in coherent form the doctrine of the 
circulation of the blood accepted today. 

It was in 1628 that an English physician, 
William Harvey, in a book entitled An 
Anatomical Disquisition on the Motion oj 
the Heart and Blood in Animals , first ex- 
plained scientifically how the blood circu- 
lates through the body. 

Discovery of Blood Circulation 

This discovery of Harvey’s was a very 
great achievement, for in his day science 
lacked knowledge of many physical and 
chemical facts necessary for the proving 
of his theory, while the microscope, which 
alone could substantiate some of his con- 
clusions, was still in its infancy. Harvey 
was quite unable to prove by demonstra- 
tion, for example, how the blood passes 
from the smallest arteries visible to the 
naked eye into the smallest visible veins, 
nor could he show conclusively what hap- 
pens in the lungs; yet by pure scientific 
gisnius he deduced correctly the facts. 

The real significance of Harvey’s great 
.^covery that the blood circulates con- 
stitotly through our bodies, forming the 


true internal environment of all our in- 
ward parts — just as the air forms our 
immediate external environment — has 
only become clear as scientists have come, 
largely through the aid of the microscope, 
to a truer understanding of what we may 
call the minute anatomy of the body. 

Followers of Harvey 

In the decades following the publica- 
tion of Harvey’s great work, a series of 
improvements was made in the simple 
forms of microscope hitherto employed. 
Shortly after the middle of the seventeenth 
century an Italian, Marcello Malpighi, 
discovered under the microscope the capil- 
laries connecting the smallest arteries with 
the smallest veins. Malpighi’s description 
of the capillary circulation was not very 
clear or explicit, but a few years later a 
Dutch microscopist, Anthony van Leeu- 
wenhoek, gave a detailed account of the 
capillaries as seen by him in various parts 
of a number of animals, and established 
the fact that the circulatory system is a 
closed one. In the early part of the next 
century the Rev. Stephen Hales, famous 
for his researches into the subject of blood 
pressure, drew attention to the changes 
that take place in the size of the smaller 
arteries and capillaries according to the 
local demands on them for blood. 

The microscope has revealed to us the 
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BLOOD AND ITS CIRCULATION 



CIRCULATION OF BLOOD THROUGHOUT BODY 

Notice how the large blood vessels branch into smaller and smaller ones until the blood is 
flowing through minute tubes and reaching every part of the body. 
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main blood vessels 
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) m *\ *• The a J culator y system, showing principal vessels. 1, Heart; 2, lungs 7 J, jugular 
m > 4 > carotid artery; 5 , superior vena cava; 6, ascending aorta; 7, subclavian artery 
, subclavian vein; 0, kidney; to, descending aorta; 1 1, inferior vena cava; 12, iliac artery ■ 13, 
tac vein, 14, popliteal artery; 15, popliteal vein; 16, arterial arch of foot; 17, venous arch of foot 
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important and significant fact that our 
body, in common with that of nearly all 
animals visible to the naked eye, is made 
up of a conglomerate of millions of tiny 
organisms which we call cells, each of 
which has a physiological life of its own. 
Each one of these living cells, like any 
other animal or plant, has to be kept ade- 
quately supplied with nutriment and air ; 
and waste products resulting from its vital 
activity have to be cleared away. All organ- 
isms consisting of a single cell live in a 
fluid medium, and the cells of which we 
are composed are no exception. The blood 
and lymph surrounding them form a sort 
of artificial sea; and it is an interesting fact 
that the composition of the blood is not 
very different from that of the primal sea 
from which our earliest evolutionary an- 
cestors emerged. 



Fig. 2. Inside of left side oj heart, /, Arch 
of the main artery (aorta); 2, ear-shaped 
cavity (auricle); J, valve preventing blood 
from flowing back (mitral valve); 4 , large 
cavity ( ventricle ); 5, main artery (aorta) split 
so as to show valves , 6, artery running from 
heart to lungs (pulmonary). 


The blood, then, serves in our internal 
economy the same essential part that the 
watery medium served in the life of those 
remote ancestors; it carries to the millions 
of individual cells a constant supply of 
utilizable nutriment and takes away from 
them the waste that otherwise would clog 
and poison them. Its constant circulation 
is therefore necessary to life. 

What, briefly, is the course which that 
circulation takes ? 

Direction of Blood Flow 

Let us choose, as starting point, the left 
ventricle of the heart (Fig. 2), one of the 
four compartments into which the heart 
is divided. We will suppose that this cham- 
ber has just been filled with blood from 
the left auricle, and is thereby stimulated 
to contract and squeeze the blood out of 
itself, that is to “beat.” The blood is pre- 
vented by valves (Fig. 3) from flowing 
back into the auricle Consequently it is 
forced into the mam artery of the body, 
the aorta. This great tube branches, and 
each branch divides into smaller branches, 
which divide into still smaller ones, and 
so on until the blood is flowing through 
quite tiny arteries scarcely visible to the 
naked eye (Fig. 4). These branchlets go to 
every part of the body, to the muscles, the 
glands, the brain and even to the heart 
muscle itself. The smallest arteries ulti- 
mately end in still more tiny tubes which 
we call capillaries. The walls of these are 
more or less porous, enabling fluid to pass 
through them and so yield supplies of oxy- 
gen and nourishment to the liquid in 
which all the cells of the body are actually 
bathed— the lymph. 

The blood having discharged its cargo 
and taken up various waste products, in- 
cluding the gas carbon dioxide, continues 
its flow through the capillaries, which now 
join together to form small veins, which 
join to form bigger ones, ending in two 
great veins that open into the right auricle 
of the heart (Fig. 3). From the right auricle 
the blood passes into the right ventricle. 
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Just as did the left ventricle, so now does 
the right ventricle, filled with venous 
blood, contract and squeeze out its con- 
tents. Just as on the left side of the heart, so 
here, valves prevent the blood from flow- 
ing back into the auricle. The blood is 
driven into large tubes called the pulmon- 
ary arteries, through which it is taken to 
the lungs. There it gives up the carbon di- 
oxide gas it has collected, and takes in a 
fresh supply of oxygen. From the lungs, 
the blood is returned to the pulmonary 
veins, and by these to the left auricle, from 
which in due course it passes to the left 
ventricle, which was the point from which 
the whole cycle started. 

Heartbeats 

The heart (Fig. 2) is a roughly conical 
organ, which, in an average adult, is about 
three and a half inches wide at the base, 
about five inches from base to apex and 
about two and a half inches thick. It lies 
with its base obliquely upwards, almost in 
the middle, but slightly to the left, of the 
chest cavity. At its higher and broader end 
it is, as it were, suspended from the big 
arteries, itself hanging somewhat loosely in 
a sac, called the pericardium. It is made up 
of four chambers or compartments — two 
receiving ones and two expulsive ones, 
called respectively the auricles and the 
ventricles. The muscles of which the walls 
Of the ventricles are largely composed are 
interconnected, so that the two ventricles 
Contract together. This contraction for the 
lOme being alters the shape of the heart, 
drawing the top and bottom more nearly 
together, a cross-section at this stage being 
almost circular, instead of elliptical, as 
jvould be the case with the heart at rest, 
bwing to the pressure of the blood on the 
ppex when the ventricles contract, the base 
| drawn down towards the apex during 
ipntraction more than the apex is drawn 
Ip. The contraction of the ventricles tends 
I) bring the apex of the heart round to the 
front of the chest wall. In most individuals 
pe thump of the heart’s contraction can 



Fig. 3. Diagram of section of right side of 
heart . The arrows show direction of blood 
flow. Blood passes from auricle into ventricle 
(a). The valve between auricle and ventricle 
prevents a backward flow s and so, when the 
ventricle is filled , blood is squeezed out of 
it and flows into the artery (b). 


easily be felt through the chest wall by the 
hand; the beat is, indeed, often visible to 
the eye. This “apex beat” is normally most 
obvious just below the fifth rib on the left 
side of the body. 

The outer surface of the heart is covered 
by a double membrane, the pericardium, 
the two layers of which are able to move 
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over one another when the heart expands 
or contracts. A small quantity of a lubri- 
cating fluid makes this movement easier 
and smoother. On occasion the pericar- 
dium is liable to become inflamed, giving 
rise to the serious condition called peri- 
carditis. The two inflamed layers of the 
pericardium move over one another with a 



Fig. 4. Diagram, highly magnified , showing 
how blood flows from great artery (A) 
through smaller and smaller branchlets , into 
liny tubes ( capillaries ) (c) which join together 
to form , first, small veins and eventually 
great veins (b), so returning to the heart. 

good deal of friction, to lessen which an ex- 
cess of pericardial lubricating fluid is pro- 
vided. This produces the condition called 
pericarditis with effusion, which often 
causes hindrance to the regular expansion 
and contraction of the heart itself. 

The inside of the heart, that is, of its 
separate compartments, auricles and ven- 
tricles, is lined with a delicate membrane 
called the endocardium, which plays a con- 
siderable part in the structure of its several 


valves. The endocardium is composed of 
endothelial cells; these also cover the 
fibrous tissue of which the various heart 
valves are composed. This endothelial lin- 
ing is of special interest to doctors because 
it is the part specially liable to be infected 
and inflamed in the course of those diseases 
especially responsible for the conditions 
which are known as valvular disease of the 
heart and endocarditis. 

The heart is far from being of uniform 
structure and consistency. The auricles, 
which have only to empty themselves into 
the adjacent ventricles, need but little mus- 
cle in their walls. Consequently they are, 
as compared with the ventricles, relatively 
flabby structures. The ventricles, on the 
other hand, having to force the blood con- 
siderable distances, are furnished with 
powerful muscles. 

Action of Valves 

On the inner surface of the wall of the 
ventricles may be seen small projections, to 
which arc joined tendinous chords which, 
at their farther end, are joined to flaps, 
which act as valves between the ventricles 
and the auricles (Figs. 2 and 3). These 
chords contract and relax coincidently 
with the contraction and relaxation of the 
ventricular muscles. When the chords con- 
tract they pull the valves taut, so that bloc i 
cannot be forced back from the ventricle 
into the auricle; during relaxation the flaps 
of the valves lie open whilst the blood 
flows into the ventricles. The valves be- 
tween the left auricle and the left ventricle, 
known as the mitral valves, have two flaps, 
or cusps; those between the right ventricle 
and the right auricle have three, and are 
known as the tricuspid valves. Valves are 
necessary also between the ventricles and 
the great arteries proceeding from them 
to prevent a back-flow. These, on account 
of their shape, are known as the semilunar 
valves. They are not unlike pockets. 

In valvular diseases of the heart the 
usual sequence is that the damaged cover- 
ing membrane of the valves, or of the 
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doorways which they protect, becomes in- 
flamed; and then, in the process of healing, 
becomes tough, contracted and inelastic, 
just as hard scar tissue replaces our 
springy natural flesh when an ordinary 
wound heals. The result may be either that 
the opening between one of the auricles 
and its corresponding ventricle, or be- 
tween a ventricle and the artery proceed- 
ing from it, becomes contracted, thus hin- 
dering a free passage of blood, a condition 
known as stenosis, or that the valves them- 
selves become contracted and no longer fit 
the opening, in which case a back-flow of 
the blood or regurgitation is likely to 
occur. Mitral stenosis, mitral regurgi- 
tation, aortic stenosis and aortic re- 
gurgitation are unfortunately not un- 
common medical diagnoses. 

Action of Ventricle 

During the resting period, or diastole 
(Fig. 3, b), of the heart muscles, blood 
flows freely through the big veins into the 
auricles and through the auricles into the 
ventricles When the ventricles are almost 
full of blood the auricular muscles begin to 
contract. Then, the ventricles being practi- 
cally full of blood and their walls being 
under pressure, the auricular contraction 
ceases and the valves between the ventricle 
and the auricle arc forced upwards into a 
closed position. When the muscles of the 
ventricles have expended their force and 
have squeezed practically all the blood they 
contained mto the great arteries leading 
from them — the aorta on the left and the 
pulmonary on the right (Fig. 2) — the 
pressure in the arteries is greater than that 
within the ventricles themselves, and the 
semilunar valves come into operation and 
prevent blood being forced back into the 
ventricles by the elastic recoil of the arterial 
walls. The ventricular muscles continue to 
relax, so that the pressure of the accumu- 
lating blood in the auricles soon exceeds 
the pressure in the ventricles. The valves 
of the orifices between the auricle^ and the 
ventricles accordingly open, and blood 
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begins to flow into the relaxed ventricular 
cavities. This cycle is complete in some- 
thing like four-fifths of a second. It seems 
that the local nerve centre regulating or 
originating this series of impulses is located 
in a particle of specialized tissue, called the 
sinoauricular node, situated near the point 
where the great vein, the superior vena 
cava (Fig. 18), joins the right auricle. 

! 



Fig. 5. Diagram of sections of artery, vein 
and capillary. 1, Delicate inner layer of cells 
(1 endothelial cells) and layer of clastic mem- 
brane; layer of muscular cells, which help 
to propel blood {contractile fibre); .7, outer 
wall of fibrous tissue; 4 , endothelial cells , the 
capillary's only covering; <j, connective tissue. 

Every one knows that in the course of a 
careful medical examination the doctor 
applies his stethoscope to the chest wall 
over the region of the heart. He does this to 
ascertain whether the beating of the heart 
is normal or unusual. If the heart is a 
healthy one he hears two sounds during 
the cardiac cycle, rather like the sounds 
symbolized by the words “lubb-dup”; 
these are heard at each beat of the heart, 
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that is, in a normal healthy person at rest, 
about seventy times a minute. The first 
sound is dull and low pitched, the second, 
which comes quickly after it, is rather sharp 
and high pitched. The two sounds are 
followed by a pause somewhat longer than 
that between them. 

The first of these sounds, known as the 
systolic sound, results from the sudden 
closure of the valves between the auricles 
and ventricles at the climax of systole, or 
ventricular contraction (Fig. 3, a), and by 
the outrush of blood into the big arteries. 
The second sound, called the diastolic be- 
cause it coincides with the beginning of 
diastole, is caused by the sudden tension 
on the semilunar valves between the 
arteries and the ventricles when the latter 
have ceased contraction and the elastic 
rebound of the arteries begins. If there is 
any obstacle to the efficient closing of the 
valves, or if the outflow of the blood is in 
any way hindered, the sounds are modi- 
fied. These modifications are technically 
spoken of as murmurs. Doctors speak of 
systolic, presystolic and diastolic mur- 
murs, each indicating a definite lesion at 
one of the heart’s openings 

Lining of Arteries 

The arteries, like the heart, are lined 
with a delicate inside layer of cells, the 
endothelial layer (Fig. 5). Surrounding 
this are layers of elastic and of muscular 
cells, whilst the outer wall is fibrous, con- 
taining little or no elastic or muscular 
tissue. In the bigger arteries, the elastic 
layers altogether out-measure the muscu- 
lar ones; as the arterial branches get smaller 
the walls become relatively more muscular 
and less elastic, though in the smallest, 
the arterioles, there is very little muscle at 
all. The reason for this variation is that the 
impulse of the heart’s contraction carries 
the blood over the first part of its journey, 
the elastic rebound of the walls of the big 
arteries sufficing to distribute the force 
over a good length of the arterial course. 
As the arteries approach die capillaries, a 


large part of the original cardiac impulse is 
spent, and the muscles in the walls of the 
arteries are needed to supplement it. 
Moreover, the contractibility of the smaller 
arteries enables the available blood to be 
rationed according to the temporary needs 
of this or that part of the body. 

We have not enough blood in us to keep 
all our tissues on a maximum supply at 
once. When we are running or doing hard 
physical work all the blood possible is 
pumped into our muscles, because they 
need fuel and oxygen in abundance. Con- 
versely, when we have had a good meal it is 
our digestive organs that want a liberal 
supply of energy-yielding materials, and 
the muscles of our limbs have to take things 
easy. Hence the unwisdom of violent exer- 
cise directly after a meal. 

The Capillaries 

The capillaries, into which the smallest 
arterioles empty their blood, are very 
thin- walled microscopic tubes, their cover- 
ing apparently being composed of but -a 
single layer of cells, between the joins of 
which both the fluid part of the blood and 
the white corpuscles can pass in either 
direction. It is while it is passing through 
the capillaries that some of the liquid part 
of the blood, the plasma, exudes from the 
blood stream into the intercellular spaces, 
where it constitutes the so-called lymph. 
This is really the sea or ocean in which the 
active cells of the body live. From it they 
take their nourishment and into it they 
empty their waste products. The capil- 
laries are thus in a way the most important 
part of the blood transport system. While 
passing through them the blood takes up 
oxygen from the air cells of the lungs and 
food products from the alimentary canal; 
and delivers up these necessities to the 
tissues . Through the walls of the capillaries, 
the white blood cells, or leucocytes 
(Fig. 24), worm their way when any part 
of the body is injured, or if it is invaded 
by hostile germs. 

Compared with those of the arteries, 
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the walls of the veins (Fig. 5) are relatively 
thin , unmuscular and inelastic , though 
the veins themselves are rather more 
roomy. It is estimated that the total 
capacity of the veins is about half as 
much again as that of the arteries. The 
original force of the heart-beat and that 
supplied by the elastic rebound and mus- 
cular contraction of the arteries are almost 



Fig. 6 . Vein slit and opened to shozo action 
oj valves . These are contained at short 

intervals in the smaller veins ; they perm 11 
blood flow in one direction only, towards the 
greater veins and so to the heart 

used up in forcing the blood through the 
“capillary lake,” the total area of the capil- 
laries arising from a single arteriole being 
at least five hundred times the area of the 
vessel from which they arose. Conse- 
quently, were much resistance offered to 
the return flow of the blood to the heart 
(as would be, had the veins less capacity 
than the arteries), this return would be 
difficult without a great deal of supple- 
mental aid. 

As it is, aid has to be given, though 
there still remains a little of the original 


cardiac and arterial impetus . A small sup- 
plemental impulse is given by the muscles 
in the walls of the veins themselves, and, 
most important, pressure is exercised on 
the veins by the movements of the mus- 
cles between which they pass. This is 
especially marked in the arms and legs, 
This pressure, however, would be as likely 
to force the blood back towards the capil- 
laries as towards the heart, were it not 
that the smaller veins are furnished at 
short intervals with valves (Fig. 6) which 
permit a free flow in one direction only. 
If we bare an arm, grasp it below the 
elbow, and exercise pressure to obstruct 
the venous flow, the veins stand out clearly 
and numerous little enlargements m their 
course will show themselves owing to dis- 
tension of the veins where the blood is ob- 
structed by the valves. The movements of 
the chest in respiration also contribute to 
the venous flow. 

Rate of Flow 

The total amount of blood in the adult 
body averages between three and four 
quarts. At each contraction of the ven- 
tricles, some two and a half ounces (about 
one-eighth of a pint), is pumped into the 
aorta for distribution over the body, and 
two and a half ounces into the pulmonary 
arteries to be re-aerated. During the dia- 
stole a corresponding amount of blood 
reaches the ventricles from the auricles. 
The heart beats, that is, the ventricles 
contract on an average in an adult man at 
rest about seventy-two times a minute, 
the ventricular systole occupying about 
three-tenths of a second, and the diastolic 
interval about half a second. The rate is 
considerably faster in children, and some- 
what more rapid in young women. Some 
4,000 gallons arc thus pumped out of each 
ventricle daily. It is estimated that the 
time taken for a drop of blood to travel 
round the body from left ventricle to right 
auricle is between one-third and one-half 
of a minute, that is, the time occupied by 
twenty-five to thirty beats of the heart 
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The blood sent to the lungs through the 
pulmonary arteries by the right ventricle 
has a much shorter journey to make, and 
manages the complete tour from right 
ventricle to left auricle in about a quarter 
of this time, that is in the course of be- 
tween six to eight beats of the heart. The 
blood, it should be added, docs not travel 
at uniform velocity round the body. But 
for the muscularity and elasticity of the 
walls of the arteries, the circulation would 
be spasmodic, the blood spurting along 
each time the heart beats, but remaining 
stagnant in the intervals. As it is, the flow 
is continuous, though it experiences differ- 
ent degrees of pressure from second to 
second, and from inch to inch, in its 
course. We know that when a stream sud- 
denly widens out and then again narrows, 
the speed of the water through the wide 
part is much less than that of the water in 
the narrow. As the area of the capillaries 
fed by a single small artery is at least five 
hundred times as great as the area of 
that artery, the speed of the circulation 
through the capillaries is correspondingly 
slower. The length of each capillary is, 
however, trifling compared with that of 
the arteries, and so interferes but little 
with the total of time occupied by the 
circulation, though the capillaries make 
up in number what they lack in length, 
and arc estimated to measure altogether 
about 100,000 miles. 

Blood Pressure 

This brings us to a consideration of a 
problem about which we nowadays hear a 
good deal: the problem of blood pressure. 
When we consult a doctor, almost always 
one of the first things he does is to feel 
our pulse. From the impressions he derives 
from this procedure he can draw a num- 
ber of significant conclusions. He will 
learn whether our heart is beating quickly 
or slowly; whether it is beating regularly 
, or irregularly; whether the tension in the 
arteries is high or low. 

I When fluid is pumped into a system of 
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tubes, a certain amount of pressure is 
exercised on the walls of the tubes, the 
amount of pressure depending on the 
power of the original force, the resistance 
offered by the walls of the tube, and how 
free the outflow is at the other end of the 
system. If fluid is impelled with great 
force into non-resilient tubes with no out- 
let and there is a weak spot anywhere, 
a burst is liable to occur, as happens 
to water pipes in time of severe frost. 
If the tubes are resilient, the pressure 
within them can, by their stretching, be 
lessened or distributed. The arteries, capil- 
laries and veins constitute such a closed 
system of tubes, and the contraction of 
the heart supplies a powerful initial force. 

Normal Pressure 

Happily, these tubes arc highly resi- 
lient, and in health they are not liable to 
burst even when the heart beats with ab- 
normal vigour. Still, there is always an in- 
ternal pressure being exercised upon their 
walls, greatest when the ventricles have 
just contracted and forced additional blood 
into them, least at the end of the interval 
between one heart-beat and another. 
Normally, the pressure in the aorta during 
systole is about four pounds per square 
inch, in the arteries about one pound, and 
in the capillaries less than half a pound. 

People often speak of blood pressure as 
though it were a disease. They might just 
as sensibly speak of the circulation of the 
blood as a disease. It is abnormal blood 
pressure or abnormalities in the circula- 
tion generally, which often gives evidence 
of those irregularities in the body’s work- 
ing which we call disease. 

“Blood pressure” is necessarily univer- 
sal among living animals with a circu- 
latory system. The desirable thing is to 
have a pressure approximating to the 
normal; much higher or much lower pres- 
sure is an indication of some more or less 
grave physical disturbance. When people 
speak of blood pressure as if it were a dis- 
ease they generally mean high pressure; 
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though as a matter of fact very low 
blood pressure is a more sinister symptom. 

The factors which go to the creation of 
blood pressure essentially resemble those 
which cause pressure in any other system 
of closed tubes through which fluid is be- 
ing impelled. First, there is the impulsive 
force of the pump. Some seventy-two 
times a minute the heart closes down on 
itself and squeezes the contained blood 
into the big arteries which lead from it. 
Second, there is the ratio of the volume 
of the blood to the capacity of the vessels 
through which it circulates. Third, there 
is the elasticity or rigidity of these tubes 
or arteries; and last, there is the total re- 
sistance at the outlet, that is, at the ends 
of the small arterial branches. 

Varying Pressure 

From this, one can easily see how blood 
pressure may be raised or lowered by vari- 
ous circumstances. If as the result of 
hsemorrhage the volume of blood in the 
body is lessened, the pressure must fall. 
This explains the prevalence of the old 
medical custom of blood letting or bleed- 
ing, for the relief of conditions in which 
the blood pressure was probably danger- 
ously high. A lowered pressure also may 
result from a weakened heart-beat; whilst 
the condition known as surgical shock 
may cause an alarming drop in the arterial 
pressure, owing to the dilatation of the 
capillaries and the small arteries, with con- 
sequent diminished resistance to the on- 
ward flow of blood. 

It was in the early part of the eighteenth 
century that the notion of blood pressure 
as a measurable factor was brought to the 
notice of physiologists, and it is to a clergy- 
man, the Rev. Stephen Hales, curate of 
Teddington in Middlesex, that we owe 
our earliest knowledge of it. He discovered 
the primary fact by means of an un- 
pleasant and somewhat cruel experiment; 
namely, by tying down a horse on its back, 
and then making an opening in the great 
artery of the thigh, inserting into the open- 


ing a brass pipe, one-sixth of an inch in 
diameter, to which was closely fitted a 
glass tube about nine feet long. He found 
that, when he released the ligature which 
he had tied round the artery, the blood 
rose in the tube to a height of over eight 
feet. A hundred years later an essentially 
similar experiment was performed on a 
patient whose arm had to be amputated, 
when it was found that the blood rose in 
the tube with such pressure as to force up- 
wards a column of mercury to a height of 
120 millimetres (about five inches), which 
is the equivalent of a column of water five 
feet high. The blood pressure in the great 
artery of the arm of a normal man was 
thus found to be equal to that required to 
raise a mercury column 120 millimetres; 
and that is what is meant when it is said 
that a man’s systolic blood pressure is 120. 

Hales found that the pressure varied 
during the interval between one beat of 
the heart and the next, the greatest pres- 
sure being exercised when the ventricle 
contracts, the least at the end of the in- 
terval between the beats. We now speak of 
the former as the systolic, and the lattei 
as the diastolic pressure. A fairly good idea 
of the blood pressure can be formed by an 
experienced doctor by applying the fingers 
at two different levels of the radial artery 
in the fbrearm. By this means he ascer- 
tains the amount of pressure needed at the 
higher level, in order to abolish the pulse 
at the lower. 

Measurement of Pressure 

Nowadays, the pressure may be much 
more accurately and easily gauged by the 
use of an instrument called the sphygmo- 
manometer (Fig. 7). When sufficient pres- 
sure is applied to the great artery of the 
upper arm, the brachial (Fig. 9), to stop 
the flow of blood through it, the pulse at 
the wrist can no longer be felt. The 
sphygmomanometer shows exactly what 
force is necessary for this purpose in each 
individual instance. The appliance con- 
sists essentially of an inflatable bag, 
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capable of being wrapped round the upper 
arm, and then of being filled with air by 
means of a hollow rubber ball and tube, 
until it exerts enough pressure on the 
brachial artery to obliterate the pulse at 
the wrist. The cavity of this bag is con- 
nected, by means of a rubber tube, either 
with a mercury gauge, or with a recording 
mechanism indicating the tension. 

The method of using this instrument is 
as follows. The bag having been wrapped 
round the upper arm, the observer inflates 
it by pressing the ball with his left hand, 
the right hand being applied to the pulse 
the while. Inflation continues until the 
pulse can no longer be felt. By means of 
a valve, air from the bag is then very 
slowly released, until the pulse can just 
be felt. The figure shown by the indicator, 
or by the mercury gauge, at this moment 
is the measure of the systolic pressure. If 
the air is then further slowly liberated, a 


point occurs at which the full pulse comes 
through, and the needle on the dial of the 
indicator suddenly oscillates widely, or 
the column of mercury moves in jerks. 
The figure shown at this moment indi- 
cates the diastolic pressure. The appro- 
priate moments for the readings can be 
more accurately determined by the use of 
a stethoscope applied to the artery, just 
below the bend of the elbow. 

The average systolic pressure in the 
brachial artery of healthy young adults is 
about 120. As we get older, the blood 
pressure usually rises, though some people 
in perfect health maintain their youthful 
level through middle age. Abnormally 
high blood pressure is usually indicative 
of undesirable changes in the heart or in 
the blood vessels, though some individuals 
with a blood pressure of 180 or over show 
no signs of disease, and are apparently in 
the pink of condition. 



Fig 7. Diagram illustrating sphygmomanometer , instrument jor measuring blood pressure. 
The pulse (/) is pressed while an inflatable armlet (j) is wrapped round the upper arm and 
connected to a mercury pressure gauge. The armlet is inflated by pressure on a rubber bulb ( 4 ) 
until the pulse cannot be felt. Air is then released from the armlet by means of a valve (3) 
until the pulse can just be felt . The pressure can then be read on the indicator. 
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Fig. 8. Arch of the main artery of the 
body (aorta) and its branches, i, Arch of 
aorta ; 2, right auricle; 3, artery connecting 
with lungs (pulmonary artery); 4, right 
ventricle ; $ and 6, branches leading to 
muscle of the heart (left and right coronary 
arteries); 7 , artery of the chest (thoracic 
aorta); S and <), large veins , running parallel 
with aorta (inferior and superior vena cava); 
10, left artery of lung (left pulmonary artery); 
li and 12, branches of superior vena cava; 
13, artery supplying blood to arm (subclavian 
artery); 14 , artery supplying blood to head 
and neck (common carotid artery); 1 5, artery 
of the thyroid; 16, right artery of lung (right 
pulmonary artery). The main artery, which 
is about one inch in diameter, carries the 
blood from the hearty and through its 
branches eventually supplies the whole body. 


The great artery through which the 
blood flows out of the left ventricle is 
called the aorta (Fig. 8). It is about one 
inch in diameter. From the heart it arches 
upwards, curving towards the right. First 
of all, it feeds two arterial branches, the 
so-called coronary arteries, which run to 
the muscle of the heart itself, this muscle 
needing fuel and oxygen as does every 
other tissue in the body. One of the most 
serious conditions with which doctors 
have to deal is a blockage in one of the 
branches of a coronary artery. The next 
great artery to branch off from the aorta is 



Fig. 9. Blood circulation of the arm. Left , 
veins; right \ arteries, t, Principal vein of 
the arm (cephalic); 2 and 4, veins parallel 
with bones of forearm (radial and ulnar 
veins); 3, large vein starting at elbow 
(basilic); 5, artery of the upper arm (brachial 
artery); 6 and 7, arteries parallel with bones 
of forearm (radial and ulnar arteries). 
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, short one, which quickly subdivides 
nto two, one called the right subclavian, 
vhich supplies the right arm with blood, 
tnd the other the right common carotid 
irtery, which supplies the right half of 
:he head and neck. A very little farther on 
:he left common carotid branches olf, and 
i fraction of an inch later, the left sub- 
davian artery 

Having given off many branches to 
various tissues on its way, the subclavian 
irtery on each side reaches the armpit, at 
the top of which it changes its name to the 
ixillary artery. At the bottom of the arm- 
pit, or axilla, it is renamed the brachial 
irtery (Fig. 9), and continues until the 
bend of the elbow is reached. There the 
brachial artery divides into two great 
branches, the radial and the ulnar arteries. 



Fig. 10. Deep arteries oj the hand ( deep 
palmar arch); a continuation of the radial 
artery lying under the tendons of the palm. 
It has direct communication with the arteries 
which he nearer the surface 



Fig. 11. Surface arteries of the hand ( super- 
ficial palmar arch); a continuation of the 
ulnar artery, lying above the tendons. The 
finger arteries are branches of this arch. 

the former supplying the thumb side of 
the forearm, the latter the other side. The 
ulnar and the radial arteries both contri- 
bute to the blood supply of the hand. 

At the bottom of the forearm, the radial 
artery moves round to the back of the 
wrist and then passes forwards, between 
the first and second metacarpal bones, 
towards the palm, which it crosses under 
the tendons, and with a branch of the ulnar 
artery constitutes the deep palmar 
arch (Fig. 10). The ulnar artery also 
crosses the palm but above the tendons, 
forming, with a branch from the radial 
artery, what is called the superficial pal- 
mar arch (Fig. 11). The arteries that run 
up the sides of the fingers are branches of 
this arch. Between the deep and the super 
ficial arteries there is direct communica 
tion; this explains why a wound in the 



*4 


BLOOD AND ITS CIRCULATION 



CIRCULATION OF BLOOD IN HEAD 


lottce the great system of blood vessels in the neck and throat , which gradually extends 
hroughout the whole of the head . A whole subsidiary system runs to the base of the brain ■ 
nother system to the back of the head 3 and yet another to the eye. Smaller branches run 
f to each of the organs and to every part both of the surface and the deep sections of the face 



f ig - I2 ‘ f! ler [ es °1 the face and neck, I, Artery of the temple ( temporal artery); it s position 
ts indicated by the pulse that can be felt on the temple; 2, artery which supplies blood to deep 
part of face, nose and dental sockets ( maxillary ); 3, artery which supplies the ear (auricular)- 

tTZrfn °l neck and scalp carotid )i 5 , artery connecting 

Zerll i , f { T Plt ? )! , ’ S , VemS ° f the ,UCk &***)’■ 7 , artery which supplies 
internal parts of neck and scalp, including brain ( internal carotid); 8, branch of carotid 

artery supplying face (. facial carotid); 9, main artery leading to head and neck and supplying 
branches to brain, eyes, and ears ( common carotid); 10, artery supplying arm (subclaviari). 
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palm sometimes gives rise to very serious 
bleeding. Blood may be issuing from both 
the ulnar and the radial arteries. 

The carotid artery (Fig. 12) on each 
side subdivides into an external and an 
internal carotid artery— the former sup- 
plying the external tissues of the neck and 
scalp and head, the latter the internal 
parts, including the brain (Fig. 13). The 
pulsation which we can feel by placing our 
finger on the temple indicates the position 
of the temporal artery , one of the terminal 
vessels into which the external carotid 
branches. The other terminal branch of 
the external carotid is called the internal 
maxillary artery. This supplies the deep 
parts of the face with blood. Most of the 
blood supply of the nose, the pharynx and 
the dental sockets comes from this artery. 

Course of Aorta 

Having given off these important ves- 
sels, supplied intercostal branches to the 
muscles between the ribs, and bronchial 
arteries to nourish the tissues of the lungs 
(these last not to be confused with the 
pulmonary arteries, of which mention 
will be made later), as well as vessels to 
the outer covering of the heart and to the 
oesophagus, or gullet, the aorta passes 
through the diaphragm. In its course 
through the abdomen (Fig. 14), it sup- 
plies branches for the nourishment of the 
stomach, intestines, pancreas, kidneys, 
liver, spleen, for the sex glands, the lum- 
bar muscles and the muscles of the ab- 
dominal wall. 

The abdominal aorta then divides into 
two great arteries, known as the right 
common iliac and the left common 
iliac (Fig. 14). Each of these soon 
subdivides into an internal and ex- 
ternal iliac (Fig. 15). The internal iliac 
supplies with blood all the organs in the 
pelvis, except the sex glands, and also the 
perineum. There is a great deal of inter-, 
communication between the various pel- 
vic arteries, which accounts for the exten- 
sive haemorrhage which so often results 


from even a small wound m this area. 

The external iliac artery supplies all the 
tissues of the leg with blood. After its 
initial stage, in which it gives off a few 
branches, it is known as the femoral artery 
(Fig. 15). This is the great vessel of the 
thigh. Its branches run to every part of 
the thigh and its coverings, and also sup- 
ply the skin of the lower part of the abdo- 
men. When the femoral artery reaches the 
hollow space behind the knee, the popli- 
teal space (Fig. 15), it again changes its 
name to the popliteal artery. Having fur- 
nished the knee joint and the tissues at the 
front and baek of the knee with blood, the 
popliteal artery divides into two vessels : 
the anterior tibial, which supplies the front 
of the leg and the upper part of the foot, 
and the posterior tibial, which supplies 
the back of the leg and the sole of the foot. 

The above summarizes the outstanding 
facts relative to the outward flow of the 
blood from the heart. There remains to be 
considered the return flow. 

Return Flow 

Having given to the living cells of the 
body a fresh supply of oxygen and such 
other nourishment as they severally need, 
and having taken up the w r aste resulting 
from the activity of the cells, the blood 
proceeds through capillaries to enter the 
tiny tubes which arc the smallest branches 
or tributaries of the veins. The little veins 
join up with one another, forming bigger 
veins, which repeat the process. The 
deeper veins for the most part run along- 
side the corresponding arteries, but other 
veins take a more superficial course. 

The names given to the veins are in 
many cases identical with those given to 
the arteries which they accompany. Thus, 
we have, beginning at the foot, an anterior 
and a posterior tibial vein (Fig. 15). These 
unite to form the popliteal vein, which 
later becomes the femoral vein (Fig. 15), 
which in turn becomes the exterior iliac 
vein. The blood from the more superficial 
tissues of the foot and leg is collected into 
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Fi8 ‘ V 3 ;, !T' S ° J the brain and artcncs of lts base - J > Fr,mt interior) lobe of the brain: 
2 5 , , obe; 3i back ( posterior ) /ofce; 4 , sma// portion of brain at upper end of spinal 

cord where nerve centres are found (1 medulla oblongata); 5, 0/ the eve (optic nerve)' 

6 / nerve °f sm f (°V act °ry nerve); 7 s artery of the base of the skull (basilary artery); 8, 
front artery of the brain (anterior cerebral artery); < h middle cerebral artery; to , posterior 
cerebral artery; u, branch of main artery of head (internal carotid); 12 , artery connecting 
with spine (vertebral); 13 , nervous matter at the back of the brain (cerebellum) The blood 
supply of the brain is derived from the internal carotid artery . This is a branch of the common 
carotid artery , which itself springs from the aorta ; the main artery of the body. From the 
internal carotid artery , smaller branches run off to feed every part of the brain. 




Fig. 14. Arteries and veins of the abdomen. i> Mam artery ( abdominal aorta); 2 } kidney ; 
3, main vein (j inferior vena cava); 4 , artery of diaphragm {phrenic); 5 , artery of stomach 
{gastric); 6, artery of spleen {splenic); 7, artery of kidney {renal ); 8 and (j, arteries of the 
intestines {mesenteric); 10 and 11 , arteries of the hip {common iliac); 12 , artery of liver 
{hepatic); J3, artery of ovaries {spermatic); i4 } veins of liver {hepatic); 75 and 1 6 , veins of 
hip {common iliac); 17, tube from kidney to bladder [ureter); r8, gland above kidney 
{suprarenal); ig } vein of kidney {renal). 
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two veins known as the great and the 
small saphenous veins (Fig. 15) which 
empty respectively into the femoral vein 
and the popliteal vein. It is these branches 
of veins which often become varicosed. 
The veins from the pelvic region unite 
and empty into the internal iliac vein 
which, on each side, joins with the exter- 
nal iliac vein to form the common iliac. 
The two common iliac veins, a little 
farther on, join together to constitute a 
large vessel known as the inferior vena 
cava. This important vein passes upwards, 
through the abdomen by the side of the 
aorta, just in front of the spine. 

The Liver 

At this point there occurs a divergence 
from the steady heartward flow of the ven- 
ous blood. The blood collected from the 
stomach, intestines, spleen and pancreas, 
which is loaded with all sorts of nourish- 
ment resulting from the digestion of our 
food, is poured into a rather large vein, 
called the portal (Fig. 16), and conveyed, 
not directly to the heart, but to that great 
chemical factory and storehouse, the liver. 
The liver receives for the nourishment of 
its own tissue, through the hepatic artery, 
a supply of fresh oxygenated blood (Fig. 
14), and both the blood brought to the 
liver by the portal vein and that brought 
by the hepatic artery is collected by the 
hepatic veins, which empty into the higher 
part of the inferior vena cava. This leads 
to the right auricle of the heart, into which 
its contents flow. 

The blood from the head, arms and 
chest is collected in similar manner, the 
resulting great vein, known as the superior 
vena cava (Fig. 18), also emptying into the 
right auricle. The names of the important 
veins here, as elsewhere, correspond 
closely with those of the arteries*, but the 
big veins of the neck running parallel to 
the carotid arteries are called the jugulars 
(Fig. 17). 

The blood has now completed the cir- 
cuit of the body. For cleansing and re- 


oxygenation it passes from the right auricle 
into the right ventricle (Fig. 19), which 
pumps it through the great pulmonary 
arteries to the lungs. Whilst on its passage 
through the walls of the tiny air cells 
which make up the bulk of the lungs, the 
venous blood gives up much of its waste 
carbon dioxide gas, and takes on board a 
fresh cargo of oxygen. The recharged 



Fig. 15. (Left) Arteries of leg. /, Artery of 
hip (exterior iliac); 2 and J, artery of thigh 
(common femoral and superficial femoral ); 
4, artery nf hollow behind knee ( popliteal ); 
5 and (), arteries of shin (anterior and 
posterior tibial). (Right) Veins of leg. 
7, Vein of hip (exterior iliac); 2, vein of 
thigh (femoral); 3, vein running from 
ankle joint to thigh (saphenous); 4, vein of 
knee (popliteal); 5 and 6, veins of shin 
(posterior and anterior tibial); 7, vein 
running from foot to knee (small saphenous ). 



blood is then collected into the numerous which, in due course, it passes to the left 

branches of the pulmonary Veins, which ventricle, whence it once more com- 

lead it back to the heart. The pulmonary mences its round of the body. This is 

veins open into the left auricle, from what is meant by the circulation of the 



blood. 

When the ventricles 
contract and expel the 
blood in them, the walls 
of the aorta are suddenly 
distended. The wave of 
distension passes down 
the walls of the arteries, 
so that they are all in 
succession momentarily 
dilated, their elasticity 
quickly restoring them to 
their normal calibre. This 
produces the throbbing 
we call the pulse. Feel- 
ing the pulse is tradition- 
ally one of the first 
diagnostic acts of the 
physician. Nowadays, a 
more precise examination 
is possible by means of 
an instrument called the 
sphygmograph. 

A small metal pad, or 
button, is placed over the 
radial artery at the wrist 
and held in place by a 
rubber band. This pad 
is one end of a delicate 
lever so adjusted as to 
rise and fall with the 
dilation and recovery of 
the artery. This lever is 
jointed to another with a 


Fig. 16. Vein leading to the liver { portal vein) and its 
connexions, r, Portal vein ; 2, stomach; 3, spleen; 4 , rectum; 
5, beginning of large intestine {ascending colon); 6 , liver; 
7, gall-bladder; 8 , bile duct ; 9, gland forming digestive juices 
{pancreas); 10, beginning of small intestine {duodenum); 11 
and ig } veins of intestines {mesenteric veins); i2 i appendix; 
13) third part of small intestine {ileum); 14 and 13, veins of 
stomach {gastric and gastro-epiploic); 16, vein of spleen 
{splenic); 17 and 18 , parts of intestine {transverse and 
descending colon); 20 , second part of small intestine {jejunum); 
21 and 23 , veins of large intestine {colic veins); 22, end of 
large intestine {sigmoid flexure). 


stilet • or needle at its 
farther end. The stilet 
comes lightly into con- 
tact with a long strip of 
blackened paper which is 
carried along by means 
of attached clockwork at 
a uniform rate, generally 
about four inches in 
ten seconds. On this 
blackened surface the 




Hg. 17. Veins of the face and neck. The veins run roughly parallel with the arteries , 
and usually bear the same names as the arteries to which they correspond. 1, Vein of the 
temple (; middle temporal ); 2, vein running across the face { transverse facial); j, vein 
running from deep parts of the face {internal maxillary); 4 , main vein of face {facial); 
5, vein running from longue {lingual); 6, vein running from larynx ( laryngeal ); 7, vein 
of front of neck {anterior jugular); S, vein from thyroid gland {superior thyroid); 9, large 
vein of neck, collecting blood from surface parts of head {external jugular ); 10, large vein of 
neck , collecting blood from deeper parts of head {internal jugular); 11 , tributary of external 
jugular vein , running from back part of head {posterior external jugular); 12 , vein running 
from ear into the external jugular vein {posterior auricular). 




UPPER HALE OF BODY 

r his reconstruction of the human body shows not only the blood circulation system , but its 
elationship to the bones , muscles , organs, and other parts of the system. It is part of the 
amous “ transparent woman ” constructed by an American scientist, and exhibited in New 
fork. The reconstruction has been so skilfully and accurately carried out that the model 
» able to carry through the actions of walking, dancing and running with perfect precision. 
Ictice the large blood vessels running to and from the heart, with their many tiny branches. 
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Fig. 18. Heart and principal arteries and veim oj the upper trunk. The arteries , through 
which the blood flows outwards , are unshaded , and the veins , through which it returns , are 
shaded dark. (^ Liver. (b) Stomach, (d) Kidneys. i , Main artery of rhe body (arch of the 
aorta); 2 , artery connecting with the lungs ( pulmonary artery ); 4 and main veins of the 
body , rurally para//c/ with the aorta (inferior and superior vena cava); 6, artery leading 
to the arm (subclavian artery); 7 , mam ^m 0/ nee* O^r *««); main artery leading 
from the aorta , au/ part of the head (common carotid). 
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movements of the stilet, and therefore of 
the pulse, are recorded (Fig. 20). A tracing 
of the normal pulse shows that the 
pulse wave consists of a sudden up 
stroke, and then of a gradual decline inter- 
rupted by two minor uprisings. The first 
up stroke is caused by the sudden forcing 
of additional blood into the arteries by the 



Fig. 19. Heart and its vessels viewed from 
behind. 1 and 2 , Left and right ventricles ; 
3 S right auricle ; 4 , main artery (aorta) and 
its branches ; 5, large vein of lower part of 
body ( inferior vena cava); 6, vein of the 
liver (hepatic vein); 7, veins of left lung (left 
pulmonary veins); 8, veins of right lung 
(right pulmonary veins); 9, arteries leading 
to lungs ( pulmonary arteries); 10 , large vein 
of upper part of body (superior vena cava); 

11 , artery of heart muscle (coronary artery); 

12 , vein of heart muscle (coronary vein). 

contraction of the left ventricle of the 
heart; the gradual decline is due to the elas- 
tic recoil of the arterial wall. When the 
condition of high blood pressure is 
present, the up stroke reaches an abnormal 
height and remains at near that height for 
a while before descending to the base line. 
The course which the blood takes in the 


as yet unborn child (Fig. 22) differs in 
several ways from that of the circulation in 
the individual after birth. Instead of ab- 
sorbing the nourishment which its devel- 
oping parts require from the intestine, and 
the oxygen which they need from its lungs, 
the embryo receives its blood, fully 
charged with both oxygen and nutriment, 
direct from its mother through the blood 
vessels contained in the umbilical cord 
connecting the foetus with the placenta, the 
fleshy sponge-like mass attached to the 
walls of the maternal uterus. 

Foetal Circulation 

At the stage reached within a month of 
being born, the circulation in the child 
proceeds roughly as follows. The maternal 
blood enters the child’s body at the umbili- 
cus, or navel (Fig. 22). Part of this purified 
blood goes to the liver; but the main part 
joins the inferior vena cava, where it meets 
and mingles with the impure blood return- 
ing from the lower half of the child’s body. 
This mixed blood in the inferior vena cava 
passes into the right auricle of the heart. At 
this stage of development there is an open- 
ing between the two auricles known as the 
foramen ovale (Fig. 22). From the right 
auricle most of the blood which comes to it 
from the inferior vena cava is directed 
through the foramen ovale to the left 
auricle. Thence it flows into the left ven- 
tricle, and from there, is propelled into 
that branch of the aorta which supplies the 
head, neck and the upper limbs. The 
venous blood brought from the upper part 
of the body through the superior vena cava 
also enters the right auricle, where it is to a 
small extent mixed with the blood from 
the inferior vena cava, the greater part of it 
proceeding into the right ventricle. Thence 
it flows in small measure to the Jungs 
through tKe pulmonary arteries, and in 
greater measure into the descending aorta. * 
by which it is distributed to the lower parts 
of the body and to the umbilical arteries 
through which it reaches the placenta and 
rejoins the maternal circulation 
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Fig. 20. Diagram of recordings showing 
variations of heart-beat, i, Rapid pulse 
(i tachycardia ), showing insufficient pause 
between beats; *?, normal pulse; J, slow pulse , 
indicating some blockage of normal system. 

As soon as the child is born and breath- 
ing starts the umbilical cord is cut and tied, 
the umbilical vessels become obliterated 
and within a week or so the foramen ovale 
closes so that blood can no longer pass 
from the right auricle to the left. Coinci- 
dently, the pulmonary arteries and veins 
undergo rapid enlargement, because hence- 
forth through them all the blood in the 
body must constantly pass in order to 
receive supplies of oxygen. 

Nature of Blood 

Human blood is a reddish, opaque, 
rather viscid fluid. Arterial blood is bright 
red, venous blood has a dark, bluish-red 
colour. Examined under the microscope, 
blood is seen to consist in nearly equal 
parts of a clear, almost colourless fluid, 
known as plasma, and an enormous num- 
ber of small solid bodies, the red and white 
corpuscles (Fig. 21). 

The red corpuscles, which are about 500 
times as numerous as the white ones, are 
biconcave discs about one three-thou- 
sandth of an inch in diameter. Tn every 
cubic millimetre of blood (a millimetre is 
about one twenty-fifth of an inch) there are 
some five million red corpuscles, the total 
number in the blood of an average man 
being about 30,000,000,000. These are 
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produced in the red manow of the bones, 
and as about one-twentieth of the number 
of red corpuscles are destroyed and have 
to be replaced every twenty-four hours, 
a rapid rate of production is required. 

Haemoglobin , 

The most important constituent of 
the red corpuscles is a substance called 
haemoglobin. Haemoglobin contains a 
pigment, haematin, to which the colour 
of the blood is due. An important ingre- 
dient of haematin is iron, and it is well 
known that a deficiency of iron in the 
body leads to a notable loss of colour in 
the blood, manifested in various forms 
of anaemia. In some forms of anaemia, 
the number of red blood corpuscles may 
be reduced even to one-fifth of the 
normal number. 

The capacity of the blood to carry a con- 
stant supply of oxygen to every cell in the 



Fig. 21. Human blood cells , highly magnified. 
(A) Red corpuscles , biconcave discs about 
one three-thousandth of an inch in diameter. 
The body contains about 30,000,000,000 of 
them, (b) Leucocytes , one form of white, 
or colourless , corpuscles 




BLOOD AND ITS CIRCULATION 

'* 



Fig. 22. Circulation of the blood in the unborn child, i and 5, Main artery {aorta); 2 } lungs; 
3i right auricle of heart; 4 3 lower main vein {inferior vena cava); 6, liver; 7, kidney ; S, intestine; 
9, navel { umbilicus ); io 3 cord {umbilical cord ) connecting foetus with {11) fleshy , sponge-like 
mass attached to wall of maternal uterus {placenta); 12 , vein of the navel {umbilical vein); 
i 3 > arteries of the navel {umbilical arteries); 14 3 upper main vein {superior vena cava); 15, 
opening between right and left auricles {foramen ovule); 16 and 17 } right and left ventricles; 
i8 y left auricle. The embryo receives both oxygen and nutrient from its mother's blood vessels . 
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body depends entirely on the amount of 
haemoglobin present. As the blood passes 
through the walls of the air cells of the lung, 
the oxygen in the air forms a loose combi- 
nation with the haemoglobin called oxy- 
hemoglobin, from which it is readily 
detached when it reaches the tissues. The 
addition of oxygen brightens the colour of 
the hemoglobin, hence the difference be- 
tween the almost scarlet redness of arterial 
blood and the purplish red of venous blood. 
If a little venous blood be shaken up with 
air, it quickly becomes lighter and brighter 
in colour. 

Hemoglobin also unites readily with 
carbon monoxide, but the resulting com- 
pound, known as carboxyhemoglobin, is 
a much more stable and permanent com- 
bination than the oxygen compound, and 
does not readily part with its gaseous in- 
gredient. That is why carbon monoxide is 
so deadly to human beings. If inhaled, it 
loads the hemoglobin with a gas which it 
cannot get rid of, and thus makes it in- 
capable of taking up oxygen and distribut- 
ing it through the tissues. 

Iron in the Blood 

Although but a very small proportion of 
iron enters into the composition of the red 
corpuscles, the total amount in the blood is 
far from inconsiderable. As well over a 
billion corpuscles are destroyed daily in the 
blood of each person, and a billion fresh 
ones have to be manufactured to replace 
them, it might be thought that a large 
amount of iron needs to be taken every day 
in the form of food or medicine. Actually, 
nothing like the amount is needed which 
; would be necessary if the iron in the de- 
stroyed corpuscles were lost to the body. 
^Considerable economy is exercised, the 
||corpuscles put out of action being disinte- 
feated largely in the liver, and the bulk of 
fee iron is carefully saved. This is used 
Jagain and again in the manufacture of fresh 
Worpuscles, only a little addition being re- 
quired to make good the small amount of 
wastage which takes place. 
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A fact sometimes made use of in criminal 
investigation is that marked differences are 
found in the red corpuscles of the blood of 
different animals (Fig. 23). They vary in 
size, and often in shape, according to the 
species or group. The corpuscles of most 
birds and reptiles, for instance, are oval and 




Fig. 23. Red blood corpuscles of various 
animals, (a) Mammals: i, Man; 2 , mouse , 
j, camel, (b) Birds: 1, Humming-bird; 2, 
ostrich, (c) Reptiles: Snake, (n) Amphibian: 
Toad, (e) Fish: /, Pike; 2 , shark. Notice 
that the various corpuscles have their own 
characteristic shape and size. Those of most 
mammals are round and biconcave. 


biconvex, whilst those of most mammals 
are round and biconcave. The corpuscles 
of birds, fish and amphibians have a nu- 
cleus, those of mammals have none. 

The white, or, to speak more accurately, 
the colourless, corpuscles (Fig. 24) differ 
from the red corpuscles not only in colour 
but also in size, structure, and function. 
They have much in common with the uni- 
cellular amoeba, since they contain a 
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nucleus, and possess the properties of con- 
stantly altering their shape and of moving 
independently of the blood flow. Like the 
amoeba, the white corpuscles take into 
themselves particles by pushing out little 
processes or protrusions at one point of 
their frame, and by drawing in at another 
point (Fig. 24). They are able to make their 
way between the thin lining cells that make 
up the walls of the capillaries, and so to pass 
out of the blood stream into the surround- 
ing lymph, and then to make their way 
back again. 

There are several forms of white cor- 
puscle, differing in the character of the 
nucleus and in the number of granules 
contained in the cell, as well as in size. The 
two most important groups are known as 



Fig. 24. White corpuscles {leucocytes) 
escaping from a capillary. The leucocytes 
are able to alter their shape and to move 
independently of the blood flow. They make 
then way out of the blood stream into the 
Lymph by passing between the lining cells 
that form the walls of the capillaries . 


leucocytes and lymphocytes, the former 
being the more numerous. The leucocytes, 
like the red corpuscles, are manufactured 
in the bone marrow (Fig. 25), the lympho- 
cytes in the lymphatic glands. The leuco- 
cytes, like the amoeba, are able to multiply 
themselves by simple fission; they play an 
active part in fighting and destroying hos- 
tile germs which have effected an entrance 
into the body. 

An interesting and important property 
of these white corpuscles is their capacity 
for engulfing and digesting all sorts of 
germs and other particles which, either in 
the blood stream or in the lymph spaces 
outside the capillaries, cause irritation 
(Fig. 26). Corpuscles able to take in and di- 
gest foreign bodies, living or not living, are 
known by the generic term of phagocytes. 
They engulf and ingest such things as par- 
ticles of blood clot and damaged cells, as 
well as living micro-organisms. The po- 
tency of these phagocytes is in large meas- 
ure dependent on the presence in the 
blood, in minute quantities, of substances 
called opsonins (feast preparers) which, in 
some way, render the foreign body more 
vulnerable or more attractive. 

Blood Platelets 

In addition to the red and white cor- 
puscles, the blood also contains an enor- 
mous number of smaller bodies, known as 
blood platelets. They are about one- 
quarter of the size of red corpuscles, and 
vary in shape, some being round, others 
irregular or ragged in outline. They are not 
easy to observe, however, as when blood 
escapes or is removed from a blood vessel, 
they almost immediately disintegrate. It is 
thought that they thus liberate a substance 
which plays an active part in promoting the 
coagulation or clotting of the blood. We all 
know that if blood escapes from a wound 
it forms a clot, and that if the wound 
be not too grave a one, the clot may actually 
serve as a plug, stopping the hole in the 
wounded blood vessel and so ending the 
hsemorrhage. If blood from any animal is 



MECHANISM OF CIRCULATION 


99 


collected in a basin, it quickly becomes 
thicker and more sticky, and in a short 
while forms a solid clot occupying the same 
volume as that of the original blood. A little 
later, drops of a yellowish fluid begin to 
escape from the clot, and after a while the 
clot is found to have shrunk to about half its 
former size, and to be floating in a quantity 
of this fluid. This fluid is called blood 
serum, and is clear and watery in consist- 
ency. The corpuscles are retained in the 
clot, being entangled in a sort of network of 
fine fibrous material. If, immediately the 
blood is drawn, it is whipped with some 
thin twigs, these are soon found to be 
covered with bunches of fibrous string-like 
masses. After this has been done, the blood 
no longer tends to clot. The importance to 
us of this coagulating quality of the blood is 
obvious if we reflect on what would happen 
otherwise. From even a small wound of the 
smallest artery, blood would continue to 
drain away until no more remained in the 
body, or until insufficient were left to stim- 
ulate the heart to contract. 

Arterial Bleeding 

When an artery of any size is wounded, 
the pressure is too great to bring about 
spontaneous plugging of the artery by 
blood clot and artificial means of arresting 
the haemorrhage have to be employed. It is, 
therefore, important to make oneself fami- 
liar with the immediate measures to be 
taken in the event of such an accident. The 
first thing to be done is by pressure with the 
thumb or by means of a tourniquet or other 
constricting band to compress the wound- 
ed artery against a bone or other firm 
structure. There are special points in the 
course of most of the large arteries at which 
pressure can be most effectively employed. 

Lastly, the blood contains, agqjn in very 
small quantities, what are called anti- 
’ bodies. These help to neutralize the poi- 
• sons caused by the activities of organisms 
I responsible for various diseases. 
i So far, we have spoken of the blood 
| stream and the circulatory system as 



Fig. 25. Normal boric marrow showing 
different types oj blood cells and distribution 
of fat. The red corpuscles (a) and some oj 
the white corpuscles {the leucocytes) are 
manufactured m the bone marrow. 

though they were parts of a clockwork 
machine which, having been wound up, 
goes on working for a period without much 
variation in speed of distribution of force. 
But the heart and circulatory system gener- 
ally are much more complicated than this. 
We all know that the heart docs not always 
beat with the same frequency, and that at 
one time our skin may be blanched and 
relatively bloodless, and at another flushed. 
There is always a reason for these varia- 
tions, which are generally adaptations to 
meet variations in circumstance. 

When we arc engaged in active physical 
work, for instance, we are conscious that 
our heart pumps more violently and beats 
more quickly; so, also, when we are fright- 
ened or angry. An infinite number of 
examples showmg modifications in the 
circulation might be quoted, the extent and 
frequency of changes in the circulatory 
flow being far greater than we are con- 
sciously aware of. There is something more 
than mere mechanism., something con- 
stantly controlling, regulating and adapt- 
ing the circulatory system to the conditions 
and needs of every moment. Of the real 
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nature of this controlling force we still have 
little satisfying knowledge; but a great deal 
has been learned about the means em- 
ployed within the body to bring together 
purpose and result. 

The Heart-beat 

Let us first consider the heart-beat. 
There are, connected with the heart, two 
important nerves: the vagus and the sym- 
pathetic (see Chapter VIII), which, when 
stimulated, alter the frequency of its beat. 
When these nerves have been cut, the 
heart muscle continues to contract, but the 
contractions are then incapable of varying 



Fig. 26. Lymphocyte absorbing a bacillus. 
The lymphocytes have the ability to engulf 
and digest all sorts of germs which cause 
irritation in the blood stream or lymph 

as the need vanes. The messages that come 
through these two nerves are directly op- 
posed, the purpose of those from the vagus 
being to inhibit or slow down ; from the 
sympathetic to speed up. Ordinarily the 
mild stimulation passing along these two 
copnterbalancing nerves results in a sort of 
equilibrium, the contraction of the heart 
muscle being neither unduly stimulated 
nor unduly checked. No doubt there are 
constant minute oscillations on each side ol 
absolute uniformity, but these are, in 
health, of but small consequence. We find. 


indeed, m all examples of bodily equili- 
brium some measure of instability, but 
during health, the pendulum never swings 
far from its central point. 

The vagus and sympathetic nerves end 
in the muscle of the heart in elaborate 
“receiving” structures, where the messages 
they bring are “decoded”; probably they 
effect certain chemical changes which act 
directly on the heart muscle. At the other 
end of these nerves are nerve centres situ- 
ated, one in the hinder region of the brain, 
the other in the spinal cord. Connected 
with these centres from which the mess- 
ages are despatched are other nerve. cells 
which receive messages from various parts 
of the body. A temporary raising of the 
blood pressure in the ventricles or in 
the aorta causes a message to be sent to the 
nerve centre in the brain from which the 
vagus starts, with the result that a message 
is sent down that nerve, and this message 
slows down the action of the heart. Co- 
mcidently, another nerve centre, called the 
vaso-motor centre Chapter VIII), is 
rung up, and other messages arc sent along 
nerves leading to the muscles that surround 
the small blood vessels, causing those 
muscles to relax and allow the vessels to 
dilate, which, in turn, help to lower the 
blood pressure. If the heart-beat becomes 
too slow the sympathetic nerve centre is 
rung up by the nerve cells affected, and 
the heart-beat is then quickened. The 
reader should understand that these are 
but the outstanding facts stated in the 
broadest outline. A great deal is known 
about the process, but more still remains 
to be discovered 

Muscles of Blood Vessels 

The muscles in the walls of the blood 
vessels arc also to some extent controlled 
by messages sent to them through special 
nerves. There arc two groups of these 
nerves, one known as vaso-constrictor, the 
other as vaso-dilator (see Chapter VIII). 
As their names imply, stimulation of one 
set of nerves causes the muscles to relax, 



CONTROLLING BLOOD SUPPLY 


illowing the little arteries to dilate, stimu- 
ation of the other having the reverse effect. 

None of these variations in the beating of 
he heart and in the size of the arterioles can 
dc controlled or influenced by the con- 
scious will. We cannot, by taking thought, 
nake our heart beat more quickly or more 
.lowly, nor can we deliberately choose to 
vhat part of the body a more generous 
supply of blood shall flow; but between 
hese phenomena and our emotional states 
:here is a very intimate connexion. When, 
;ay through stage fright, the vaso-constric- 
:or nerve centre at the back of the brain is 
:emporarily put out of action the arterioles 
dilate and, among other phenomena, we 
ire likely to blush and feel faint. An in- 
idequate supply of blood reaches the brain 
)wing to the amount used up in filling the 
imall dilated vessels in the skm and in the 
ibdomen 

Gland Secretions 

At the base of the brain is a small gland, 
:alled the pituitary body (sec Chaptcr 
IX). On the top of each kidney is another 
imall gland, called the adrenal. These 
glands produce small quantities of special- 
ized chemical substances which pass 
directly into the blood stream and are dis- 
tributed to all parts of the body. The 
amount of the secretions is largely influ- 
enced by our emotional states. These se- 
cretions either stimulate or co-operate with 
the sympathetic nervous system and, 
among other consequences, bring about a 
contraction of the small blood vessels of 
the skin and the digestive organs. 

The potential capacity of our blood 
vessels being out of all proportion greater 
than the total volume of our blood, it would 
be very wasteful of nature to maintain an 
equal uniform supply of blood to all parts at 
all times, remembering how different are 
the needs of different tissues at different 
times. When we are eating our dinner, 
there is not much point in keeping up a full 
supply of blood to our legs and arms; when 
we are digging our garden or trying to beat 
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the hundred yards record, it would be 
wasteful if a lot of energy fuel were diverted 
to our digestive organs or to our skin. The 
only parts which all the while need a fairly 
uniform supply of oxygen and nutriment 
are the heart and the brain, and in health 
the supply of blood to these organs varies 
but little. When the emotion of fear or of 



Fig. 27. LJ'fect oj temperature on capil- 
laries. Cold reduces the flow oj blood and 
heat increases it. (a) Normal size oj 
capillaries, (b) After cold application, (c) 
After hot application. 

anger is provoked, the bodily effects are 
exactly those which would equip us for 
reacting efficiently in ways that would 
prove self preservative amid primitive con- 
ditions. The primitive responses to situa- 
tions giving rise to anger or fear are nearly 
always the inclination to fight or to run 
away. Each of these proceedings involves 
increased muscular activity, and that, in 
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turn, calls for a more generous service of 
supplies to the muscles. In these circum- 
stances the surface blood vessels contract, 
producing that paleness of aspect which is 
proverbially symptomatic both of rage and 
fear — “white with rage,” “pale with fear,” 
as we say. The digestive processes are 
slowed down, the blood vessels of the 
muscles and of the heart are dilated, and 
the heart itself beats more strongly and 
more quickly. Breathing increases in fre- 
quency and depth to furnish the muscles 
with the extra oxygen needed for the 
liberation of energy. The liver's stores of 
sugar arc drawn upon for more fuel. 

Internal Temperature 

One of the most astounding facts ol 
numan physiology is the capacity of the 
body to maintain within itself, amid the 
most diverse external circumstances, a 
comparatively uniform environment. We 
may journey from the tropics to the pole, 
but all the time, if our health is normal, the 
internal temperature of our body remains 
almost constant, though heat is continu- 
ously being produced in it. It is said that if 
the body had not this wonderful capacity 
for maintaining its equilibrium, the 
amount of heat produced by half an hour’s 
hard muscular work would raise our tem- 
perature to something near boiling point. 
If that happened all the albumen in our 
blood and in our cells would be solidified 
like the white of a boiled egg. 

The average temperature of the body in 
health is 98.4 degrees Fahrenheit, though 
slight variations from this normal occur. 
At midnight, and during the few hours that 
follow, the temperature falls to its lowest 
point, which may be a degree or a degree 
and a half below normal. In all inflamma- 
tory conditions, such as those set up by the 
infective fevers, there is a rise of body 
temperature, danger point being reached 
at about 105 degrees. When in normal 
health we may feel hot or cold, the sensa- 
tion is due, not to variation in the tempera- 
ture of our blood, but to the amount of 


blood flowing through the vessels (Fig. 27), 

This uniformity is maintained by means 
of very delicately adjusted living machin- 
ery, of the workings of which we are 
entirely unconscious. Each one of the 
millions of minute living entities, or cells, 
of which our bodies are a conglomerate, 
has an internal life of its own, the subtleties 
of which are only just beginning to be 
understood. We speak of ourselves as being 
land animals. So, in a sense, we are; but the 
units of which we are composed remain 
what presumably they always were — water 
animals. Every one of our living cells is 
dependent for its continued existence on 
the fluid medium with which its surface is 
ever in contact; and so sensitive and deli- 
cate are these cellular structures that very 
small variations in their environment are 
lethal to them. Hence it is of vital impor- 
tance to life itself that the blood tempera- 
ture should remain, within very small 
ranges, constant. Tireless automatic forces 
arc always operating to preserve a balance 
which will keep these delicate organ- 
isms unharmed. Only to a small extent 
can we consciously modify our physio- 
logical functions. Within limits it makes 
little difference what we eat or drink. We 
cannot make our blood more salt by 
eating salt, or more acid by drinking vine- 
gar. At every stage of digestion, of absorp- 
tion, and of chemical activity, purposive 
selection is at work. 

Conditions of Life 

It was not until the middle of the last 
century that this idea of an internal en- 
vironment as distinct from an external one 
was first clearly defined. A celebrated 
French physiologist, Claude Bernard, drew 
the attention of his professional colleagues 
to the grpat differences between the con- 
ditions to which the outside of our body 
is exposed — conditions which surround 
every object, inorganic or living, in a parti- 
cular country or district—and the con- 
ditions with which our living units or cells 
are brought into contact. He showed that, 
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important as .are the external conditions of 
our life, our internal ones are of far greater 
importance, and he was impressed by the 
elaborate arrangements whereby the in- 
ternal environment is maintained at a 
constant level, no matter what may be the 
apparent external circumstances. 

Internal Environment 

“It is,” he wrote, “the fixity of the 
internal environment which is the con- 
dition of free and independent life, and all 
the vital mechanisms, however varied they 
may be, have only one object, that of 
preserving constant the conditions of life 
in the internal environment.” 

This important pronouncement, de- 
scribed by the late Dr. J. S. Haldaneas“the 
most pregnant sentence ever framed by a 
physiologist,” is elaborated and in detail 
exemplified in a book called The Wisdom oj 
the Body , by Professor Walter Cannon of 
Harvard University. In it he shows how 
stable is the composition of the blood, how 
little are the variations in the percentages 
of sugar, of salt, of calcium, and of other 
elements m the body fluids of a healthy 
individual. He quotes an experiment per- 
formed on themselves by Dr. Haldane and 
Dr. Priestley. In the course of six hours 
they drank six quarts of water apiece; at 
one time, the rate of output through the 
kidneys rose to over three and a quarter 
pints per hour. The volume of water borne 
by the circulating blood from the intestines, 
where the water was absorbed, to the 
kidneys, where it was discharged, exceeded 
by one-third the total estimated volume of 
the blood. Yet in tests made on the colour 
•of the blood during the period no appre- 
ciable dilution could be observed. 

Take, again, what is called the acid- 
alkali balance of the blood, that is, its rela- 
, tive acidity or alkalinity. It is essential to 
the healthy life of the body cells that the 
blood shall be ever so slightly alkaline. If, 
as the sequel to some diseased condition, 
the tiniest swing of the pendulum over the 
neutrality line in the acid direction occurs 
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coma and death result. If, on the other 
hand, a minute increase of alkalinity is 
produced, tetanic convulsions are a possi- 
ble prelude to an equally fatal conclusion. 
Professor Cannon shows by what subtle 
bodily mechanisms this almost neutral 
reaction of the blood is produced and sus- 
tained. The kidneys, the breathing centre 
in the brain, and the proportion of the so- 
called buffer salts in the blood itself, all 
contribute to the maintenance of this 
uniformity. 

Blood Structure 

It is only comparatively recently that 
physiologists have become aware of the 
complicated structure and composition of 
the blood. It is far from being a mere dilute 
solution of salt in water, in which a few 
million corpuscles float about; nor is the 
tale more than begun when we say that the 
blood is also the medium whereby the 
oxygen we breathe, and the sugar and meat 
we eat, are distributed to all parts of the 
body. It is essential to our well-being that 
due quantities of a variety of mineral sub- 
stances shall be supplied by the blood 
stream for the growth and life processes of 
the many kinds of cell of which our tissues 
are composed. But there are other, and 
even more mysterious, ingredients of the 
blood that are necessary in almost im- 
measurably small amounts, and of which 
an absence or an excess quickly leads to 
disease or even to death. It is by means of 
the blood stream that the secretions of our 
endocrine glands are distributed to the 
organs and structures, the activities of 
which they regulate. In the absence of 
sufficient insulin, for instance, we develop 
the disease called diabetes; and, but for the 
minute amounts of pituitrin and adrenalin 
normally kept in circulation, the distribu- 
tion of blood according to the body’s vary- 
ing needs could not be accomplished. 

We must all the time bear in mind that 
the blood system provides the main trans- 
port and communication medium of the 
body. Thus we find in the fluid part of the 
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blood many substances in solution or sus- 
pension — fats, sugar, and the so-called 
amino-acids, which are the products of the 
digestion of the protein ingredients of our 
food — and these in turn enter into the 
composition of nearly all our tissues . Then, 
again, and this is very important, there are 
certain mineral salts that enter into the 
composition of the body cells, the more 
important being the chlorides, carbonates 
and phosphates of sodium, potassium and 
calcium. Among the waste products taken 
away by the blood in order to be excreted 
from the body by the kidneys and other 
organs, are urea, uric acid, and certain 
salts of ammonia. 

We are apt to think that all communica- 
tion between different parts of the body is 
effected by the telegraphic system of which 
our nerves are the wires. But, as in our 
social system the postal service is older 
established and of more importance than 
the telegraph service, so also is the slower 
method of communication afforded by the 
circulation of the blood as compared with 
the rapid transmission of messages by 
means of nerves. We have in our bodies 
certain specialized groups of cells, or 
organs, which produce substances of defi- 
nite chemical composition the contact of 
which with our muscles and other tissues 
gives rise to activities quite as marked, and 
far more widespread than, the activities 
brought about by a nerve message. 

Blood Transfusion 

When serious haemorrhage has taken 
place, and the blood pressure has fallen 
through lack of volume, doctors often in- 
troduce into the tissues, or into a vein, 
what is called normal saline solution. By 
this is meant a sterilized mixture of salt and 
water corresponding in proportions and 
density with that of the blood itself. Now- 
adays, in cases of great emergency, direct 
transfusion of blood from a healthy person, 
called the donor, to a patient suffering 
from severe loss of blood or from certain 
diseased conditions, is practised. This is 


not a novelty, though until recently the 
process was not unaccompanied by danger. 

In 1901 it was discovered that the serum 
of one person’s blood if mixed with the 
blood of another individual is liable to 
cause what is called agglutination, or 
clumping, of the red blood corpuscles in 
the second person’s blood, and this was 
shown to be the cause of the collapse which 
not infrequently followed the operation of 
transfusion. It is now known that people 
can be divided into four groups, according 
to the mutual compatibility of their blood. 
In a blood transfusion, it is the behaviour 
of the red corpuscles of the donor’s blood, 
when brought into contact with the serum 
of the recipient’s blood, that matters. If 
they agglutinate, the donor is unsuitable 
for this particular recipient. 

Blood Groups 

Numbering the Groups 1, 2, 3 and 4, the 
known facts may be summarized thus: 
Group 1 corpuscles arc agglutinated by the 
scrums of Groups 2, 3 and 4, but Group 1 
serum agglutinates the corpuscles of none 
of the others. Group 2 corpuscles are 
agglutinated by Groups 3 and 4, but not by 
1 or 2. Group 3 corpuscles are agglutinated 
by Groups 2 and 4 serums. Group 4 serum 
agglutinates all the others, but its cor- 
puscles are not agglutinated by any other 
serum. For this reason, as sources of blood, 
persons belonging to Group 4 are some- 
times called universal donors and persons 
belonging to Group 1 as universal reci- 
pients. Persons whose blood belongs to the 
fourth group are, therefore, of exceptional 
value in times of emergency. Their blood is 
the only one that can safely be introduced 
into the blood stream of any one. The com- 
patibility of the blood of one person can be 
tested by taking a drop of the proposed 
donor’s blood and mixing it with very little 
of a dilute solution of citrate of soda on a 
microscope slide, and then adding to it a 
drop of the recipient’s serum. If in a few 
minutes the red cells are seen to aggluti- 
nate, the two bloods are incompatible. 
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The blood runs through the body in a 
system of closed channels. It leaves the 
heart by the arterial system, from which 
branches go to every part of the body, 
breaking up as they go into smaller and 
smaller subdivisions, until at last the blood 
is flowing through tiny capillaries lined by 
a single layer of cells which separates them 
from the cells of the tissues. In some 
organs, for example, the lungs and the liver, 
every cell is in direct contact with the sur- 
face of a capillary; in other tissues, such as 
cartilage, the capillaries do not penetrate 
into the substance. For the return journey 
' to the heart the capillaries unite to form 
larger and larger vessels which eventually 
reach the size of veins 

Nourishment of Tissues 

At no point in the circulation, even in the 
lungs and liver, does the blood come into 
direct contact with the tissues which ii 
' serves. This implies that a separate mech- 
; anism is needed for the nourishment of the 
i tissues. This is supplied by the lymph, a 
; tissue fluid which permeates the spaces 
between the cells so that every tissue in the 
body is like a sponge soaked in fluid. 

| The lymph does not ooze about m an 

I 14 uncontrolled manner. Throughout the 
tissue spaces there is a close network of 
vessels (Fig. i) lined with extremely thin 
cells, and these vessels unite to form defi- 
nite channels, the lymphatics, which draw 


off any excess of fluid. All these lymphatics 
run towards the thorax, and many of them 
are supplied with valves which prevent the 
fluid from flowing backwards. At intervals 
they arc interrupted by oval sohd swellings 
known as the lymph glands. 

Lymph Glands 

These glands are embedded in connec- 
tive tissue (Fig. 2), and are usually 
arranged in groups of two or three — 
though sometimes of as many as fifteen 
(Fig. 3). In shape they are oval, with a 
depression at one side known as the hilum. 
They vary considerably in size, some being 
smaller than a pea, others as large as a bean. 
In colour they are greyish pink, though 
those near the roots of the lungs are black- 
ened by deposits of carbon. 

The lymph glands upon the surface of 
the body are gathered chiefly round the 
groins and armpits, with a few at the 
elbow and knee. Inside the abdominal 
cavity, they are grouped very freely along 
the course of the aorta and round the 
pelvis; round the trachea and bronchi they 
are found lying very thickly. 

The lymph leaving a lymph gland con- 
tains far more white blood cells (lympho- 
cytes) than the lymph entering it, because 
lymph glands are factories for lympho- 
cytes, which are also produced in certain 
lymphatic patches in the spleen, the small 
intestine and the tonsils. 
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It a lymph gland is examined under the 
microscope, it is found to be contained in a 
capsule from which strands pass into the 
substance of the gland forming a support- 
ing framework; cross strands of fibrous 
tissue form a meshwork through which the 
lymph passes on its way through the gland. 
In the outer part of the gland near the cap- 
sule there are quite large lymph spaces 
(Fig. 4). The remainder is made up of 
dense masses of lymphoid cells; these are 
the lymphocytes m the process of matur- 
ing. Numbers of them arc constantly leav- 
ing the gland with the outflowing lymph 
and in this way the supply of lymphocytes 
to the body is kept up 

Course of Lymphatics 

The lymphatic vessels (Fig. 5), though 
interrupted in this way by lymph glands, 
continue their course towards the thorax, 
branching freely to make connexions with 
each other. As they become larger their 
walls become strengthened by layers of 
elastic tissue, those of the largest vessels of 



Fig. 2. Lymphatic vessels and spaces. 
Between the cells of the body there are: 
1 3 Spaces 3 filled by connective tissue in 
which are embedded (2) the lymph vessels ; 
3, valves along the vessels prevent the lymph 
fluid from flowing backwards. 



Fig. 3. The lymphatic glands are found 
either as isolated nodules (/ ), groups of two 
or three together (j), or as larger groups of 
as many as fifteen together (3). 

all having, like a blood vessel, three layers. 
The larger the vessel, the more frequent 
the valves, until the largest vessels show an 
irregular appearance as the result of the 
swellings caused by these valves. 

Finally all the lymphatic vessels collect 
up into two terminal channels, one of 
which empties itself into the left sub- 
clavian vein and the other into the right. 
These two veins spring from the arch of 
the aorta just after it leaves the heart, and 
as one of the lymphatic vessels, the thoracic 
duct (Fig. 6), carries with it all the nutri- 
ment derived from fat digestion in the 
intestines, the blood entering the heart is 
full of food material which has been carried 
straight round the body in the course of 
the circulatory process. 

The thoracic duct, which is much the 
larger of the two terminal lymph vessels, 
begins in the abdomen as an elongated 
swelling called the cistema chyli, at the 
juncture of several large lymphatic vessels. 
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Fig. 4. Section of lymphatic nodule. 1 . 
Lymph space ; J, containing capsule ; j, 
lymphoid tissue ; 4 and 5, lymphatic vessels 
( arrows show directum of flow). 

Here it receives lymph from all the lymph- 
atic vessels leaving the intestine. The fine 
velvety epithelium lining the intestines 
consists of closely packed finger-like pro- 
jections, each one smaller than a hair, the 
intestinal villi. Running into each villus is 
a small arterial capillary; leaving it are a 
venous capillary and a lymphatic vessel 
The products of protein and carbohydrate 
digestion are carried away in the tiny veins 
leaving the villi, but the products of fat 
digestion are absorbed by the minute 
lymphatic vessels, and the creamy appear- 
ance of the fat as it travels through these 
lymphatics has earned for them the name 
of lacteals 

The lacteals dram into larger vessels 
which unite with each other and finally 
enter the cisterna chyli. In addition, lymph 
from the lower legs (Fig. 7), the abdominal 
organs and wall and the lower part of the 
thorax, also drains into the same useful 


receptacle. At its upper end, the cisterna 
chyli is continued upwards as the thoracic 
duct, which runs up the back wall of the 
thorax on the right side of the aorta until it 
reaches the level of the fifth dorsal verte- 
bra, where it crosses to the left side and 
enters the left subclavian vein. All the way 
up its course it receives branches from the 
left side of the thorax and heart, the left 
lung and the left arm. The whole duct 
measures about eighteen inches long from 
beginning to end. 

The right lymphatic duct is far less im- 
pressive than the thoracic duct, though it 
does nearly as much work. It is only about 
half an inch long, but it receives lymphatic 
vessels from the right side of the head and 
neck (Fig. 8), the right arm, the right half 
of the thorax, including the right lung and 
the right side of the heart, the right side of 
the diaphragm and the upper surface of the 
liver. All these vessels join together close 
lo the right subclavian vein to form this 
lymphatic duct, which immediately enters 
the vein and comes to an end. 



helping to maintain flow of fluid ; 3, con- 
nective tissue ; 4, lymph cells; 5, Hood vessels. 
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Fig. 6. Large lymphatic vessel ( thoracic duct ) shozving its position i n relation to veins 
and muscles, i, Gullet ( oesophagus ); a, mam veins of neck { jugular veins); 3 and 4 , veins of 
shoulder and upper arm ( left and right subclavian veins); 5 , large lymphatic vessel running 
from the abdomen, up the back wall of the chest parallel to the aorta , and entering the 
left subclavian vein { thoracic duct.) Notice how all the way up its course it receives branches 
from chest, heart, lung and arm* 6 , muscles between ribs {intercostal muscles); 7 , elongated 
swelling in the abdomen at juncture of several large lymphatic vessels, forming beginning of 
the thoracic duct {cisterna chyh ). Into this receptacle flows lymph from all the lymphatic 
vessels of the intestine, the lower legs, the abdominal organs and wall, and the lower part 
of the chest; the thoracic duct also carries all the nutriment derived from J at digestion in the 
intestines; 8, part of the small intestine, showing lymphatic vessels and glands; 9 , muscle 
of the pelvis {psoas muscle ); 10, lymph glands of the loin {lumbar lymph glands ). 
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Lymph is derived from the blood. It 
filters out between the cells forming the 
walls of the capillaries, partly in response 
to the needs of the tissues themselves and 
partly because it is forced out by the pres- 
sure of the blood in the circulatory system. 
It is a clear yellowish fluid, except in the 
thoracic duct, where it has a milky appear- 
ance owing to the presence of particles of 



Fig. 7. Lymphatic vessels and glands of the 
leg. The chief group of lymphatic glands in 
the leg is found in the groin , with an additional 
group at the knee. Lymph from the legs is 
carried away into the thoracic duct. 

fat. It also contains leucocytes derived 
from the blood; the number of these is 
increased in the course of its circulation 
through the lymphatic glands. 

The purpose of the lymph in the tissue 
spaces is to act as a medium of communi- 
cation between the blood and the tissues. 
The muscles take up nourishment and 
oxygen from the blood by way of the 


lymph and pour into it such waste products 
as carbon dioxide and ammonia. 

The lymphatic system has another 
equally important function: it provides one 
of the important defence mechanisms of 
the body. When the skin is broken and 
tissues are injured, the first response on the 
part of the body is to bring more blood 
to the part. All the small blood vessels in 
the neighbourhood dilate, and lymph is 
poured out into the tissue spaces. The 
affected region becomes red and swollen 
because it is distended with fluid. It is also 
hot and painful, because the increased 
blood supply raises the temperature of that 
part, and the excess of lymph in the tissue 
spaces causes tension. Tension anywhere 
in the body causes pain. 

Inflamed Tissue 

When these four signs— pain, redness, 
heat and swelling— are present, we say 
that a tissue is inflamed. Such inflamma- 
tion may be caused either by a direct 
injury or by invading micro-organisms 
which arc damaging the body tissues. 
Lymph is useful on these occasions in that 
it provides plenty of protein for repairs. 
It helps also in another way. White cells 
from the blood are always present in the 
lymph, and in a region where inflammation 
is present large numbers of white cells 
migrate from the blood into the tissue 
spaces and form a barrier between the 
healthy tissues and those which are dam- 
aged. This barrier is usually successful, 
because one type of white cell commonly 
found in the blood has the power of attack- 
ing bacteria and engulfing and digesting 
them just as an amoeba digests its food. The 
cells which have this power are called 
polymorphonuclear leucocytes, or poly- 
morphs, and they always appear in large 
numbers at the site of any inflammation 

Usually the polymorphs succeed in de- 
stroying the invaders, but sometimes the 
bacterial organisms are so virulent that 
they kill many of the polymorphs before 
they are overcome. Even so they do not 
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Fig. 8. Lymphatic vessels and glands of the face and neck. The lymphatic glands of the 
head are found chiefly around the ear and chin , and another group lies at the base of the 
neck. The lymphatic vessels of the right side of the head and neck , as also from the right arm , 
and the right half of the chest, heart and diaphragm , run into the right lymphatic duct, and 


thence into the left subclavian vein. 
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concentration of glands is found at the armpit , and some 
additional ones at the elbow. The vessels of the left arm 
run to the thoracic duct , of the right to the right lymphatic 


break through the barrier ot white cells, 
which keeps the inflammation localized to 
one spot. The dead polymorphs form a 
semi-solid clot of the creamy material 
which we know as pus, and if there is no 
channel connecting the inflamed area with 
the surface of the skin, an abscess will form 
which will need to be opened and drained. 

Occasionally the invading bacteria prove 
too much for the leucocyte barrier and may 
by breaking through it, carry infection 
abroad in the body. In that case, they are 
likely to invade the lymphatic channels 
first, because the lymphatics are open to 
the tissue spaces and easy of access whereas 
the blood capillaries are enclosed in a wall 
of cells. When the organisms invade the 
lymphatics we commonly see signs of it in 
the form of red streaks passing up from the 
inflamed area to the nearest group of 
lymphatic glands. Here, however, they 
commonly meet a check. The lymphatic 
glands are full of white cells and though 
these are not polymorphs but lymphocytes, 
they have the power of checking the in- 
vaders and are very often able to rout them. 
Thus, it is not an uncommon thing for a 
person to get a scratch on his finger which 
becomes infected; after a few hours, red 
streaks may be seen running up his arm to 
his elbow and an enlarged lymphatic gland 
may be felt in the elbow region (Fig. 9). 


If this gland is unable 
to conquer the infection, 
after a few more hours 
the red streaks will be 
seen to have proceeded 
farther up the arm to the 
armpit (Fig. 10); and 
again enlarged lymphatic 
glands will be felt under 
the skin. 

When inflammation 
proceeds so far up the 
lymphatic vessels as this 
it must always be regard- 
ed as serious, because it 
means that the invading 
organisms are coming 
perilously near the point at which the 
lymph vessels enter the blood stream; and 
organisms in the blood stream are a very 
serious matter indeed. Science has recently 
provided certain drugs which seem likely 
to afford valuable aid to the lymphatics, 
which are among our most valuable de- 
fenders, and would be worth having in 
that capacity alone, even if they were not 
essential for nourishment of the tissues 
and the removal of waste products 



Fig. 10. Lymphatics of breast and armpit 
Above the left breast lies the left subclavian 
veiny into which enters the thoracic duct. 
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Few parts of the human body are more 
remarkable than the digestive system. Its 
ability both to break down complicated 
food substances into simple forms so that 
they can be absorbed into the blood 
stream and be built up into living bone, 
muscle and fat, and also to ignore waste 
products which would serve no useful 
purpose if absorbed, is extraordinary. 

Digestive Tract 

1 he digestive tract (Fig. i) begins with 
the mouth above and ends with the anal 
canal below, and consists of a long tube 
into which digestive juices are poured at 
intervals by various glands. In its fully 
developed state, the digestive tract is long 
and winding; it measures about thirty feet 
from end to end. Food enters the mouth, 
and passes through the pharynx, or back 
of the throat, and down the oesophagus, 
or gullet, into the stomach; thence it 
travels successively through the small and 
large intestines. From the last part of the 
large intestine, the rectum, waste material 
is evacuated by way of the anal canal. 

Food, in whatever form it is i^ken into 
the mouth, consists of three main compo- 
nents: protein, usually in the form of 
meat, cheese, eggs or fish; carbohydrates 
(sugars and starches); and fats. For each 
of these components the body has to 
supply a different chemical in order to 


dissolve and extract what is valuable 
Carbohydrates provide the least serious 
problem; they are easily broken down into 
sugars, which are quickly absorbed. Sugar 
is a useful form of ready-made fuel for the 
body. Explorers and airmen often take 
chocolate with them, both because it is 
so handy and because it acts almost as 
soon as it is swallowed. 

Digestion of starches begins in the 
mouth, into which three sets of glands, 
the parotid, the sublingual and the sub- 
maxillary (Fig. 2 ), pour their digestive 
fluid. Each parotid gland lies in the cheek, 
just in front of the ear, and pours out its 
secretion by means of a duct which runs 
through the cheek wall, and opens up on 
a small raised papilla in the middle of the 
inner surface of the cheek. This papilla 
can easily be seen inside the mouth. The 
parotid glands are affected in mumps, and 
stones occasionally form in them and may 
be forced into the duct, blocking it. The 
condition is painful and the stone usually 
has to be removed by operation. 

Digestive Juices 

The sublingual glands lie just below the 
floor of the mouth, between the tongue 
and the lower jaw. Each gland has about 
twelve small ducts which open into the 
floor of the mouth, just below the tongue, 
and keep that region always moist. The 
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Fig. I. The parts oj the digestive tract. /, The largest of the three salivary glands , 
situated just in front of the ear { parotid gland); 2, gland situated under the lower jaw 3 
with ducts opening upon floor of the mouth { submaxillary gland); j , gland lying below floor 
of mouth between tongue and lower jaw {sublingual gldnd ); 4, gullet, the food passage 
from mouth to stomach {oesophagus); 5, liver; 6, band of muscle at end of stomach nearest 
heart {cardiac sphincter); 7, stomach; 8, gall-bladder; 9, first portion of small intestine 
immediately below stomach {duodenum); 10 , gland near stomach which discharges a digestive 
juice into the intestine {pancreas); 11 , 12 and 13 3 parts of the large intestine ( transverse , 
ascending and descending colon; part of the transverse colon has been cut away to show 
organs behind it); 14 , small intestine; 15, appendix; 16, rectum. 
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submaxillary glands, as their name sug- 
gests, lie under the lower jaw at each side 
(Fig. 2). Their ducts open upon the floor 
of the mouth, at either side of the fold of 
skin beneath the tongue. Like the parotid 
duct, each submaxillary duct opens at the 
top of a little papilla, which can be seen 
clearly with the naked eye. These three 
glands pour out a digestive juice, the 
saliva, which contains an active chemical 
agent capable of digesting starch. Diges- 
tive agents of this kind are called enzymes 
Before considering the enzyme con- 
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tained in saliva, we must examine the 
cavity in which it acts. The mouth (Fig. 3) 
is bounded below by a muscular floor and 
the jawbone, or lower maxilla, and above 
by the hard palate. The soft muscular 
walls of the cheeks close it in at the sides. 
Upon its floor lies the tongue, an active 
muscular organ, and in the lower and 
upper )aws the teeth are set. At the back, 
the soft palate, a curtain of muscular 
tissue covered by mucous membrane, 
hangs down, and is prolonged, in the 
middle, into a tapering muscular tag, the 



Fig. 2. Glands and ducts which produce and supply saliva {salivary glands), i, Bony 
structure of the cheek (, zygomatic arch); 2 , largest of the salivary glands , lying in the cheek 
in front of ear ( parotid gland); 3 , channel leading through the cheek wall to inner surface 
of cheek ( parotid duct), 4 , muscle used in chewing , passing from cheekbone to lower jaw 
0 masseter ); 5, flat thin muscle , forming wall of cheek ( buccinator ); 6, tongue; 7, channel 
leading from gland lying under tongue into the floor of the mouth ( sublingual ducts); S, gland 
between tongue and lower jaw {sublingual gland); 9, gland under lower jaw ( submaxillary ). 
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Fig- 3 - Section of nose, month and throat . 
i, Cavity at top of nose ( frontal sinus); j, 
hard palate ; 3, tongue; 7, tonsil ; 5, vocal 
cord; 6, windpipe ( trachea ) ; 7, gland lying 
in the neck ( thyroid gland); S, canal leading 
from throat to ear drum {Eustachian tube); 
9 » spongy tissue between back of nose and 
throat {adenoid); jo, soft palate; 11, cavity 
communicating with nose , mouth and larynx 
(pharynx); jj, folds of skin at the sides of 
the throat ( pillars of the fauces); J 3 , carti- 
lage at back 0/ tongue ( epiglottis ). 

uvula. At either side of the soft palate arc 
two folds of skin called the pillars of the 
fauces, and between these pillars, on each 
side, is the tonsil, a mass of lymphatic 
tissue exactly like a lymphatic gland 
without its capsule. 

Throat and Gullet 

Behind the soft palate the mout-h opens 
into a roomy cavity, the throat or pharynx 
(Fig. 3), which is continuous above with 
the cavity of the nose and below with the 
oesophagus or gullet. Just in front of the 
oesophagus is the opening of the voice- 
box, or larynx, and from the front border 
of this a thin, leaf-like structure, called 
the epiglottis, projects upwards and rests 
upon the back of the tongue. The epi- 
glottis is made of cartilage covered with 


mucous membrane; its tip can be felt by 
any one bold enough to push an inquiring 
finger to the back of his tongue. When we 
swallow, the larynx is raised and the tip 
of the epiglottis is pushed backwards oveF 
the cavity of the larynx, so that food slips 
over the epiglottis without getting into 
the windpipe. Sometimes, we put this 
mechanism out of order and then the 
food, as we say, goes the wrong way; it 
gets into the larynx and makes us cough 



Fig. 4. Xjpper and lower teeth , with dia- 
gram showing names of the teeth. 7, 2 and 
3 j Upper molars ; 7 and 5, upper premolars; 
6, upper canine; 7 and S, upper incisors; 
9 ) 10 and //, lower molars; 12 and 13 , lower 
premolars; 14 , lower canine ; 13 and 16 , 
lower incisors The two rows are arranged alike . 
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The teeth (Fig. 4), in a grown person 
with a complete set, are arranged alike in 
the two jaws. If we start in front and work 
backwards from the mid-line we find, 
first, two incisors (Fig. 5) on each side; 
these are flat teeth with a cutting edge, 
designed for biting. Behind them is the 
canine or eye-tooth, and behind that again 
are two bicuspids, or premolars; at the 
back are three molar teeth, the last being 
the wisdom tooth. The bicuspids and the 
molars are chewing teeth; the canines are 
tearing teeth designed for wrenching meat 
off bones; as they get very little of this 
sort of work to do in civilized society, they 
are small compared with the eye-teeth, 
say, of an Alsatian dog (Fig. 6). 

Organs of Taste 

Nature has made sure that we shall not 
ignore the question of meal-times. She has 
not only provided us with unpleasant 
sensations when we do not eat but with 
pleasant sensations when we do. The 
satisfaction of hunger is in itself a pleasant 
sensation, but it is greatly enhanced by 
the delights of taste. The chief organ of 
taste is the tongue (Fig. 7), which is 
studded with specially modified groups of 
cells called taste-buds. At the back of the 
tongue are several raised pink nodules 
called the circumvallatc papillae; taste-buds 
are found in large numbers round these 
nodules and also round the sides of the 
tongue. The taste-buds are made up of 



Fig. 5 - Section of teeth, (a) Incisor , a flat 
tooth with a cutting edge used for biting. 
(b) Bicuspid , used in chewing, (c) Molar , 
used in chewing. 1 , Enamel coating; hard 
tissue {dentine). 3 pulp ; 4 , cement. 
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Fig. 6 . Teeth wen from belozv. 1, Incisors; 

canines; /, premolars; 4 , molars. The 
canines are tearing teeth , and are small in 
humans , as they are little used. 

oval, or flask-shaped, nests of cells em- 
bedded in the membrane covering the 
tongue; at the centre of each bud is a 
small pore through which a group of 
microscopic hairs protrude. 

The nerve of taste supplies fine 
branches to these hairs and when they 
are stimulated by some sweet, savoury or 
bitter substance a message is sent back to 
the brain and produces the sensations 
which wc associate with an agreeable or 
disagreeable taste. In the brain, the nerve 
cells receiving impressions of taste are 
closely associated with the nerve cells 
receiving impressions of smell, so that 
taste is greatly enhanced by a good sense 
of smell. Any one with a cold in the nose 
realizes how much of his pleasure in his 
food is normally derived from the sensa- 
tions of smell that accompany eating. 

The tongue distinguishes four types of 
taste — sweet, bitter, salt and sour — and 
endless combinations of these. Not all 
parts of the tongue are equally sensitive 
to all four tastes: bitterness is best tasted 
at the back of the tongue, sweetness and 
sourness best at the sides. Any one who 
likes to experiment can prove this for 
himself with a few crystals of sugar and 
salt and a bottle of quinine. Besides being 
an organ of taste, the tongue is a powerful 
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mechanical device for mixing food and 
moving it round the mouth; in this it is 
helped by the champing of the jaws which 
are moved by a special set of muscles. 

Five muscles help to move the lower 
maxilla on its joint with the skull. One of 
them, the temporal muscle (Fig. 8), is 
attached to the ramus of the jaw (Fig. 9), 
which is the upright portion at the back of 
each end of the lower maxilla. The tem- 
poral muscles arise, one at each side of the 
skull, from the temporal bones and can be 
felt as thick pads covering each temple. 
If you place your fingers on the temporal 


muscles and move the lower jaw, the 
contractions of the muscles can be felt. 

The second great muscle of mastication 
is the masseter (Fig. 8), attached above to 
the cheekbone and below to the outer 
surface of the ramus of the jaw. When it 
contracts it pulls the jaw upwards, just as 
a broad piece of elastic might do; when 
you clench the jaws you can feel the move- 
ment of its fibres by placing your fingers 
on your cheeks near the angle of the jaw. 
Two other muscles, the internal and 
external pterygoids, help to move the jaw. 
They arise, deep in among the bones of 
the face, from the under 
surface of the sphenoid, 
the palate bone, and the 
upper maxilla, and they 
are attached to the inner 
surface of the ramus of 
the lower jaw. The last of 
the muscles of mastica- 
tion is the buccinator 
(Fig. 8), which arises 
from both the upper and 
lower maxilla and runs 
forward to blend with the 
muscles round the mouth. 
It does not actually help 
to move the lower jaw at 
all, so that, in a sense, it 
is not a muscle of masti- 
cation; its task is to 
flatten the cheeks and 
bring them into contact 
with the teeth, so that 
food does not collect in 
pouches at either side, a 
movement essential to 
successful chewing. 

When food is put into 
this extremely complex 
cavity which we call the 
mouth, it is subjected to 
two processes: first it is 
ground up into small 
fragments by the teeth, 
and then it is mixed with 
the saliva. Saliva, as we 
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Fig. 7. {Left) The tongue and, (right) taste-buds. 1, Tarring 
tag of muscle forming prolongation at middle of the soft palate 
(uvula); 2, folds of skin at either side of the throat (pillars 
of the fauces^; 3 , mass of lymphatic tissue (tonsil); 4 , cartilage 
at back of tongue which closes the larynx during swallowing to 
prevent food going wrong way ( epiglottis ); 5, nodules at back of 
tongue around which taste-buds are found in large numbers 
(circumvallate papilla); 6 , hairs of taste-bud } highly magnified. 


COMPOSITION OP SALIVA 


have seen, comes chiefly from the three 
pairs of salivary glands, but the mouth is 
also lined with moist mucous membrane. 
Under the microscope, mucous mem- 
brane is seen to consist of several rows 
of rather flattened cells, lying one on 
top of the other to form a layer some- 
thing like the horny layer of the skm; 
these cells, however, contain no keratin or 
horn, and are in fact quite soft; beneath 
them is a layer of connective tissue, the 
corium, in which small glands are em- 
bedded. The glands produce a slimy fluid 
called mucin or mucus, and their ducts 
are scattered freely over the surface of the 
mucous membrane. 

Saliva is a watery fluid containing some 
mucus derived from the glands in the 
mucous membrane, a little protein, and 
an enzyme or digestive ferment called 
ptyalin. Normal saliva is slightly alkaline, 
and ptyalin can act only in an alkaline 
solution. The amount of alkali in saliva is 
extremely small — we know from experi- 
ence that saliva is neither caustic or 
corrosive — but sufficient is present to 
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Fig. 8. Muscles used in mastication . r, 
Muscle running from temple to lower jaw 
{temporal muscle); 2 , muscle running from 
cheekbone to outer surface of jaw ( nmseter ); 
3) muscle which flattens the cheeks , running 
from jaws to muscles of mouth ( buccinator ); 
4> muscle round mouth {orbicularis oris). 
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Fig. 9. 7 he lower jaw The upright portion 
at the back of each end oj the lower jaw is 
called the ramus. 1 , Attachment to jaw 
0} muscle which covers the temple. 

enable the ptyalin to perforin its work. 

Between meals, enough saliva is poured 
out by the salivary glands to keep the 
mouth pleasantly lubricated, but as soon 
as food is taken into the mouth the glands 
become much more active and produce 
sufficient to soften the food and dissolve 
some of the particles. If dry food, such as 
a biscuit, is taken, an extra supply of 
copious, watery saliva gushes out. Experi- 
ments have been performed by the famous 
Russian scientist, Pavlov, which show that 
the flow of saliva is governed by the 
nervous system. When food is taken into 
the mouth, nerve fibres in the mucous 
membrane carry a message to the brain, 
from which fresh messages travel to the 
salivary glands by way of another set of 
nerves. So delicate is the nervous mechan- 
ism governing salivary secretion that a 
flow can be produced even by the appear- 
ance of food. We all know that the mouth 
can water at the sight of a favourite dish. 
This is called a “psychic” flow of saliva, 
because it is induced not by the presence 
of food m the mouth, but merely by the 
thought of that delightful experience. 

The salivary glands are diligent little 




SECTION OF SALIVARY GLAND 

The salivary glands are responsible for the first stage in the digestive process. They produce 
saliva , which keeps the mouth lubricated-, softens the food , and dissolves some of its particles . 


organs; each of them in the course of a 
day produces ten or twelve times its own 
weight in saliva. In man, more than a pint 
and a half of saliva is poured out in 
twenty-four hours. 

Saliva has no digestive action on pro- 
teins and fats, but the enzyme ptyalin 
begins the digestion of carbohydrates by 
attacking starch in the food and breaking 
it down. If you take a solution of starch 
into your mouth, hold it there for one 
minute and then transfer it to a test tube, 
chemical examination shows that all the 
starch has been converted into sugar. As 
it is doubtful whether any one spends so 
long as a whole minute over a single 
mouthful, it is doubtless rare for the 
digestion of starch to be completed in the 
mouth. But when food is swallowed it 
forms a mass at the upper end of the 
stomach which the gastric juice does not 
penetrate completely for about forty 
minutes. Throughout that time, the ptya- 
lin of the saliva continues the process of 
breaking up and digesting the starch 


Before the food can reach the stomach, 
however, it has to be swallowed, and 
swallowing is quite a complicated feat 
As man has adopted the upright position, 
it might be imagined that swallowing 
could be left to gravity, that we could use 
the tongue to push the food into the 
pharynx and then leave it to drop down 
the gullet into the stomach by virtue of 
its own weight. Actually we can swallow 
equally well when standing on our heads. 

The pharynx (Fig. io) is a muscular 
chamber opening above into the nasal 
cavity and below into the oesophagus and 
larynx. A large number of small muscles 
come into play during the act of swallow- 
ing; most of them are attached to a small 
horseshoe-shaped bone, the hyoid, which 
lies in tl^p front of the neck. 

The first part of the act of swallowing 
is voluntary. The food is mixed with 
saliva until it can be moulded into a 
smooth oval mass, or bolus, which lies on 
the back of the tongue; the cheeks are then 
compressed bv the two buccinator muscles. 



SWALLOWING MUSCLES 
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and the mouth is closed; the tongue is 
raised by the mylohyoid muscle, which 
runs from the front of the hyoid bone to 
the lower jaw. The hyoid bone and the 
larynx are then lifted upwards by means 
of muscles which attach them to the 
temporal bone above and this movement 
forces the food backwards into the 
pharynx. At the same time, the muscles 
of the soft palate contract, stretching the 
soft palate upwards and backwards so that 
it reaches to the back wall of the pharynx 
and forms a roof, shutting off the nasal 
cavity above. This prevents food from 
being squeezed upwards towards the back 
of the nasal cavity. Meanwhile the open- 
ing of the larynx has been covered over, 
partly by two triangular cartilages on its 



Fig. lo. Muscles behind the mouth, j, 
Muscle used in compressing cheek {bucci- 
nator); 2, 3 and 6, muscles of The cavity 
behind mouth and nose {constrictor muscles of 
pharynx ); 4, bone behind chin to which many 
muscles are attached {hyoid bone); 5, cartilage 
helping to cover opening of larynx {thyroid 
cartilage ); 7, gullet ; 8 S windpipe {trachea). 
The mylohyoid muscle raises the tongue 



Fig. 11. Muscles ustd m swallowing. 1 
Projection from base of temporal bone {sty- 
loid process); J, muscle running from temporal 
bone to tongue {styloglossus); J, muscle from 
styloid to hyoid bone, /, tongue, 5, muscle 
joining temporal bone to pharynx {stylo- 
pharyngeal); 6, thyroid cartilage; its projec- 
tion forms the Adam's apple; 7, thyroid gland 

upper surface, and partly by the leaf-like 
epiglottis, which bends backwards to cover 
it. The bolus of food slips over the epi- 
glottis and is clasped by the constrictor 
muscles of the pharynx 

The muscles of the pharynx (Fig. 11) 
are voluntary muscles, and if examined 
under the microscope their fibres show 
the typical ringed or striated appearance. 
Voluntary muscle tissue forms the wall of 
the upper part of the oesophagus, but 
lower down plain (or involuntary) muscle- 
fibres begin to appear, mingling with the 
striated fibres, and at its lower end the 
wall of the oesophagus consists almost 
entirely of unstriated muscle. 

A wave of contraction passes from the 
muscles of the pharynx down the whole 
length of the oesophagus, pushing the food 
before it. The oesophagus relaxes in front 
of this wave of contraction, allowing the 
food to slip down easily. At the lower end 
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just where the oesophagus enters the 
stomach, there is a ring or valve of muscle, 
the cardiac sphincter, which acts like an 
clastic collar, keeping the entrance to the 
stomach closed; as the wave of contraction 
passes down the oesophagus, this valve 
relaxes and allows the food to pass 
through. Its name is misleading- it has 
nothing to do with the heart except that 
it lies at the end of the stomach nearest 
that organ. It is the first of a senes of 
four sphincters which lie at different 
points along the digestive canal. 

The whole act of swallowing can be 
studied by the use of radiography, which 
shows that food shoots with great speed 
down the oesophagus, through the thorax 
without undergoing any further chemical 
changes. Having passed through the dia- 
phragm, the oesophagus enters the abdo- 
minal cavity (Fig. i 2 ) and expands to 
form the stomach. 

The stomach (Fig. 13) is a J. sh a d 
organ lying close under the ribs on the 
left-hand side. Its upper end, or fundus, 
is rounded and usually contains an air- 
bubble; its lower end curves round and 
becomes narrower. A ring of muscle, the 
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13. Section of stomach. t, Gullet, 
' r t" g °f muscl e, dividing stomach from 
mall intestine (pylorus); bile duct; 4 , 
egmmng of small intestine (duodenum) 


pyloric sphincter or pylorus (Fig t 4 ) 
similar to that a, the lower end of the 
oesophagus but much stronger and thicker, 
ivides the stomach from the duodenum 
or upper end of the small intestine. If the 
stomach is watched for a few moments 
un er the X-rays, waves of contraction 
are seen to pass down it from the upper 
end towards the pylorus; these waves 
tollow each other at regular intervals and 
become more active towards the pyloric 
end, so that this part of the stomach is 
sometimes called the pyloric mill. Waves 
of contraction following each other in this 
manner are characteristic of movement 
throughout the digestive canal, and have 
been given the name of peristaltic waves. 

Peristaltic waves are produced by mus- 
cular contraction. The stomach wall (Fig. 
14) is made up of four layers, the serous 
coat, the muscular coat and the submucous 
and mucous layers. The outermost one, 
the serous coat, consists of shining trans- 
lucent membrane. The muscular coat 
consists of involuntary, unstriated fibres, 
arranged in three distinct layers; those on 
the outside run longitudinally from end to 
end of the stomach, those in the next layer 
are circular and those in the innermost 
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STOMACH GLANDS 

layer are oblique. At the lower end of 


the stomach the circular fibres become 
massed to form the pyloric valve. This 
arrangement of the muscular fibres is 
beautifully adapted to the needs of the 
stomach; the circular fibres carry the 
waves of contraction steadily down to- 
wards the duodenum, and the longitudinal 
and oblique fibres not only reinforce them 
but make the stomach into such a strong 
resilient organ that its rupture, except 
where it has been perforated by an ulcer, 
is almost unknown. 

The mucous membrane of the stomach 
is attached to the muscular coat by means 
of loose connective tissue, the submucous 
layer, which is freely supplied with blood- 
vessels and lymphatics. When the stomach 
is empty the mucous membrane is thrown 
into folds which give the 
lining a corrugated ap- 
pearance. The surface is 
covered with regular ob- 
long cells which produce 
mucus; each cell pro- 
duces one drop of mucus 
at a time, and as each 
drop forms it almost fills 
the cell. When the drop is 
discharged it leaves the 
cell looking like an empty 
cup, and for this reason 
the cells producing mu- 
cus are given the name 
of goblet cells (’Fig. 15). 

Numerous glands lie in 
the deeper layers of the 
mucous membrane and 
pour gastric juice into the 
stomach cavity by way of 
ducts; these ducts are 
lined with goblet cells 
like those on the surface. 

The glands themselves 
consist of tiny tubules 
which may be single or 
branched and are lined 
with short granular cells 
which manufacture the 
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gastric juice. The glands differ slightly 
according to the region of the stomach in 
which they arc found. In the region of the 
dome at the top of the stomach, the fun- 
dus, the glands arc long tubules with short 
ducts; the cells lining them are square and 
granular and rest upon a basement mem- 
brane. The granules are numerous in the 
resting stomach and diminish in number 
after a period of digestion; pepsin, the 
chief enzyme of gastric juice, is formed 
from them, and poured into the duct. Cells 
containing these granules are therefore 
called peptic cells. Scattered among them 
are a few cells producing mucus. In addi- 
tion there are several large round cells, 
oxyntic cells, lying between the peptic 
cells and the basement membrane; these 
produce the hydrochloric acid found in 



Fig. 15. Mucous membrane of stomach, r, Goblet cell ; cells 
covering the surf act produce one drop of mucus at a time. 
When the drop is discharged . it leaves a cup-shaped cavity , 
hence the name. 2 , Goblet cell enlarged. 
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gastric juice, and communicate with the 
central cavity of the gland by means of fine 
canals running between the peptic cells. 

In the body, or central part, of the 
stomachy glands arc comparatively few 
and are grouped round the opening of the 
oesophagus. They consist of small single 
or branched tubules which have a lining 
of granular cells. 

The glands near the pylorus are very 
long and lined with indistinctly granular 
cells which may or may not produce 
pepsin. Although oxyntic cells are most 
numerous in the glands of the fundus, they 
are not entirely absent from the glands in 
the other parts of the stomach except 
those quite near the pylorus. 

A small amount of gastric juice is pro- 
duced even in the absence of food, but a 
greater flow begins as soon as food is 
taken into the mouth. Moreover, as in the 
case of saliva, the sight, smell or taste of 
food is sufficient to start the flow, gastric 
juice produced by one of these being 
known as “psychic” or “appetite” juice. 
In the ordinary way digestion in the 
stomach is begun by the appetite juice; if 
the meal is unappetizing, however, there 
may be no appetite juice and for that 
reason it takes longer to digest an un- 
pleasant meal than a pleasant one. About 
half an hour after a meal has entered the 
stomach a second and greater flow of 
gastric juice occurs and this carries on the 
work which the appetite juice has begun. 

Gastric Juices 

The fluid poured out by the gastric 
glands contains hydrochloric acid and 
pepsin, as we have seen; it also contains 
another enzyme called rennin. Pepsin and 
rennin only begin to act when the hydro- 
chloric acid has neutralized the alkaline 
saliva and rendered the whole food mass 
acid. It takes from half an hour to forty 
minutes for this to occur; the food is 
mixed with the gastric juice as a result of 
the rhythmic peristaltic waves passing 
down the stomach wall. As mixing pro- 


ceeds the food becomes more fluid and 
is churned into an acid, semi-solid mass 
called chyme. 

The two enzymes of the stomach have 
no action on carbohydrates. Pepsin is 
concerned entirely with proteins, and 
rennin has only one purpose, to curdle 
milk. Pepsin breaks down the proteins 
into simpler substances called peptones. 
When all the proteins have been reduced 
to peptones, all the milk curdled and the 
food converted into acid chyme, the 
movements of the pyloric end of the 
stomach become increasingly active and 
the pylorus relaxes at intervals in order 
to allow a little of the chyme to squirt 
through into the duodenum. 

The Duodenum 

The duodenum is only a small loop of 
intestine, but it is the region in which 
digestion is most active. All the food- 
stuffs are catered for here, and are broken 
down into forms which the body can use. 
The duodenum is curved like a horseshoe 
round the head of one of the chief diges- ' 
tive glands, the pancreas (Fig. 16). The 
pancreas is shaped rather like an enormous 
tadpole with a thin tapering tail which 
stretches behind the stomach as far as the 
ribs on the left side; the head, which fits 
into the curve of the duodenum, is a 
thick solid mass of glandular tissue. A duct 
runs through the substance of the gland 
and opens into the duodenum about four 
inches from the pylorus on the crest of a 
little eminence called the ampulla of 
Vater. The bile duct coming from the 
liver also enters the duodenum at the 
crest of this ampulla. 

Like the stomach, the duodenum and 
the rest of the small intestine are covered 
with a serous coat beneath which lies a 
coat of unstriated muscle, of which the 
outer fibres are arranged longitudinally 
and the inner fibres are circular (Fig. 
17). But the small intestine has no 
coat of oblique muscle fibres. Within the 
muscular coat are the submucous layer 



WORK OF THE PANCREAS 


and a lining of mucous membrane. The 
mucous membrane is thickly set with 
microscopic glands, in the form of small 
straight tubes lined with oblong cells- 
diese tubes open upon the intestinal canal 
Between them are minute finger-like 
prominences upon the mucous membrane 
called the intestinal villi, which project 
into the canal; these villi are so small and 
fine that they cannot be seen with the 
naked eye, but they give a velvety appear- 
ance to the lining of the whole of the 
small intestine. They play an important 
part in the absorption of food. 

The Pancreas 

It is chiefly thanks to the pancreas that 
foodstuffs are reduced to a form in which 
they can be absorbed. The pancreas (Fig 
1 6 ) is a lobulated gland made up of 
millions of small tubules lined with cells 
producing digestive fluid; these tubules 


wE" W r hlCh acts on Peptones, amylase 
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Like ptyalin, pancreatic juice can only 
act in tne presence of alkali, and as the 
chyme coming through the pylorus is 
trongly acid it is some time before the 
pancreatic juice has mixed with it suffi- 
ciently to allow duodenal digestion to 
begin The pancreatic juice itself is 
strong y alkaline and easily capable of 
neutralizing gastric acid. Only a little 
chyme comes through the pylorus at a 
time; the valve relaxes to allow a small 
jet of fluid to squirt into the duodenum 
and then closes again. As soon as one 
portion of chyme has been completely 
mixed with the pancreatic juice, the 
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pylorus opens to allow a fresh instalment 
through. The action of the pancreatic 
juice is greatly assisted by juice poured 
out from the glands of the intestinal 
mucous membrane; indeed, without the 
help of this juice, pancreatic juice is com- 
pletely inactive. Intestinal juice is alkaline, 
like pancreatic juice, and it helps the 
trypsin poured out by the pancreas to 
digest proteins. It also contains an enzyme 



Fig. 17. Section of lining of small intestine. 
1, Cup-shaped cell producing mucus ( goblet 
cell); cells set in mucous membrane (, epi- 
thelial cells); 3, blood vessels; 4 , layer of 
connective tissue {submucous layer); 5 and 6, 
inner layer of circular and outer layer of 
longitudinal muscle fibres. 

which breaks sugar down into the form in 
which it is most easily absorbed. 

Trypsin acts upon the peptones in the 
chyme by breaking them down into 
amino-acids. Amylase converts starch into 
sugar. The action of the fat-splitting 
enzyme, lipase, is considerably helped by 
the presence of bile. Bile forms a thin 
film over the surface of each fat droplet, 


and prevents it from coalescing with 
neighbouring droplets: in short, it changes 
the jat into an emulsion; this enables 
lipase to attack the fats much more 
readily. In the process of digestion fats 
are broken down into soaps and fatty 
acids; the second task of bile is to dissolve 
soaps and to help lipase to reduce fats to 
glycerine and fatty acids, in which form 
they can be absorbed. 

Bile is formed in the liver (Fig. 18), the 
largest gland in the body and the most 
hard-working. Under the microscope the 
liver is seen to be made up of hundreds 
of lobules, each composed of columns of 
cells which radiate out from a central 
blood vessel like the spokes of a wheel. 

The Liver 

Blood is brought to the liver by the great 
portal vein which collects branches from 
the whole of the small intestine and enters 
the liver as a single large vessel; inside 
the liver it breaks up again into hundreds 
of small veins which ramify between the 
lobules (Fig. 19). From these vessels lying 
between the lobules small capillaries run 
into the centre of each lobule to join the 
central vessel. These central vessels unite 
into one large vein which leaves the liver 
at its upper border to join the inferior 
vena cava. Thus the blood coming from 
the intestine, loaded with the products of 
protein and carbohydrate digestion, cir- 
culates through the substance of the chief 
factory of the body, an arrangement as 
simple as it is efficient. 

Bile is formed by the liver cells from 
waste products brought to the liver from 
other parts of the body by the blood. It 
is collected up by minute vessels running 
between the liver cells, and these vessels 
unite to -form tiny bile-ducts running 
between the liver lobules in company 
with the branches of the portal vein. 
These ducts in turn join with each other 
to form two main vessels (Fig. 20) which 
unite as soon as they leave the liver; the 
duct so formed is joined by the duct from 




SECTION OF THE LIVER 

This highly magnified photograph shows the liver to be made oj many hundreds of uny cells 
and blood vessels and gives some idea of the continuous activity which goes on in this great 
chemical factory inside the body . Among its product « are bile and glycogen. 
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the gall-bladder and then runs down to 
open into the duodenum on the ampulla 
of Vater. The gall-bladder (Fig. 21) 
merely serves as a reservoir for bile, 
which collects in it during the intervals 
between meals; when food enters the 
duodenum the gall-bladder contracts and 
squeezes its contents down the duct into 
the digestive canal. It is not a very im- 
portant organ; it is frequently removed 
from patients suffering from gall-stones, 
leaving them little the worse; and in some 
animals the gall-bladder is absent. 

Composition of Bile 

Bile contains bile salts, bile pigments 
and cholesterol; it owes its power of 
emulsifying fats to the presence of bile 
salts. Like pancreatic juice it is alkaline, 
and so promotes the activity of pancreatic 
enzymes; moreover it is a solvent of soaps 
and fatty acids, so that it takes an 
important share in normal digestion. 


All the while digestion is proceeding, 
the food is passing down the small intes- 
tine, propelled by peristaltic waves, tra- 
versing first the jejunum and then the 
ileum (Fig. 22). Peptones are being 
broken down into amino-acids, starch 
into sugars and fats into fatty acids, soaps 
and glycerine; these substances are ab- 
sorbed through the walls of the intestinal 
villi, those minute, finger-like projections 
of mucous membrane which give a velvety 
appearance to the lining of the small 
intestine. The intestinal villi are much 
more interesting and important than their 
insignificant appearance would suggest. 
Each of them contains a small capillary, 
by which blood enters and leaves the 
villus, and a minute white vessel called 
a lacteal, derived from the lymphatic 
system, into which digested fat is ab- 
sorbed. Proteins and carbohydrates are 
absorbed directly into the blood, being 
taken up by the small capillaries which 



Fig. 18. Front view of liver: the stomach has been removed to show the organs lying 
behind it. 1, First part of small intestine {duodenum); 2, gall-bladder; j, pancreas ; 4 . , middle 
section of large intestine {transverse colon); 5, first section of large intestine {ascending 
colon); 6, last section of large intestine {descending colon). 
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run through the villi. By the ante the food 
reaches the lower end of the ileum, it is a 
semi-fluid mass, stained dark brown with 
bile, and made up largely of waste 
products which have resisted digestion 
At its lower end the small intestine 
enters the first part of the large intestine, 
the catcum (Figs. 23 and 24). In man, 
the caxum is a blind pouch from the 
ower part of which the thin, worm-like 
ippendix dangles. This is a vestige left 
o us of a much larger caxum which 
listed in some of our remote vegetarian 
ncestors. The appendix, being closed at 
ts lower end, forms a convenient nesting 
'lace for any micro-organisms which 
appen to invade it. If they are organisms 
apable of causing inflammation, appendi- 
ng develops and an abscess may form 


which, if neglected, bursts into the 
abdominal cavity. In most cases, however 
it is possible to diagnose appendicitis 
before this stage is reached and to remove 
the inflamed appendix intact. 

Another valve of muscular tissue, 
similar to the pylorus, is found at the 
point where the small intestine enters the 
ctecum. Since the lower part of the small 
intestme is called the ileum, this ring of 
muscle has been given the name of the 
ileo-cEecal valve (Fig. 24). 

The ileo-ca:cal valve normally remains 
closed until a meal is taken, when it 
relaxes and allows the end products of 
the previous meal to pass from the small 
intestine to the caecum. For this reason, 
m training children in regular habits one 
should see that they evacuate the bowel 



I*? 


FOOD, DIGESTION AND NUTRITION 



Fig. 19. Section of liver shotting its blood system . (p) Branches of the portal vein , w/mA 
^ood from the whole of the small intestine , yfows iwro the liver instead of directly 

to the heart , like the other veins. /, Portion showing blood vessels only ; 2, portion showing 
position of cells of liver , wif/i tiny blood vessels running between them; 3 , mse/s connecting 
portal vein with central vein (c); £/im central vein flows back into the main vein of the body 
0 inferior vena cava) and so back to the heart ; 4 , portion showing blood vessels and bile ducts . 


after a meal, not before it. If they are 
encouraged to have an evacuation before 
breakfast, the large bowel will be com- 
paratively empty. After breakfast, how- 
ever, the ileo-caecal valve will have allowed 
the products of the previous day’s diges- 
tion to pass into the caecum; if any further 
attempt to empty the bowel is now post- 
poned until the next morning, it means 
that waste products accumulate in the 
large intestine and remain there for 
twenty-four hours (Fig. 25). Chronic 


constipation will be certain to result. 

The large intestine consists of the 
caecum, the colon, and the rectum (Fig. 
26). It is a muscular canal with walls 
divided into compartments an.d a wide 
central.cavity. The caecum lies low down 
in the right side of the abdomen, and the 
first part of the colon, called the ascending 
colon (Fig. 22), stretches up the right side 
of the abdominal cavity as far as the liver, 
where it makes a rectangular bend and 
crosses to the opposite side of the body 
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as the transverse colon (Fig. 22); the third 
part, the descending colon (Fig. 22), runs 
down the left side of the abdominal 
cavity. Waste products enter the cxcum 
in a semi-fluid condition and are moved 
along it by peristaltic waves. All along the 
course of the large intestine water is 
extracted from the food residues by 
absorption, so that by the time they reach 
the lower end of the descending colon 
they are almost solid and have the appear- 
ance of a normal faecal mass. The lower 
end of the descending colon is twisted 
into a loop called the sigmoid flexure (Fig. 
26). Here the waste material collects; 
finally some of it is forced on into the 
rectum, the last part of the digestive canal. 
Distension of the rectum gives rise to the 
desire to defalcate. The lower end of the 
rectum is closed by another ring of 
muscular tissue, the anal sphincter (Fig. 
26), which is under voluntary control 
When the waste products are finally 
expelled, this sphincter relaxes, and peri- 
staltic waves help to express the contents 
of the rectum through it; the abdominal 
muscles also come into play and by con- 
tracting bring pressure to bear on tlr 



Fig. 20. Gall-bladder and ducts, /, Channels 
running from liver ; 2, pancreatic duct , ? 
bile duct running into intestine 



Fig. 21. Position of gall-bladder 1 , Liver 
(lifted to show underside ); j, stomach; j, 
bi lei duct ^ from liver to intestine ; 4, gall- 
bladder 7 5, duodenum; 6, pancreatic duct. 

from pancreas to intestine; 7, pancreas 

lower end of the large intestine, so helping 
it to empty itself. 

The three main classes of foodstuffs 
have already been mentioned: they are 
proteins, carbohydrates and fats. 

Classes of Food 

Proteins are substances containing 
nitrogen. Foods containing protein are 
chiefly ^derived from animals, common 
examples being lean meat, such as beel, 
mutton, pork, chicken and other fowl, fish, 
cheese, milk and eggs. Small quantities oi 
protein are present in most plants; lentils, 
peas and beans are rich in it. 

Proteins have a complicated chemical 
structure, the various chemical units 
which compose any given protein being 
linked together like a chain. Digestion 
breaks up the chain so that the separate 
links can pass into the blood stream. The 
tissues of the body pick up the various 
links and build them into their structure 
to replace those which have been lost by 
tissue activity. Certain links arc essential 
to life and health. 

Carbohydrates include all forms of 
starch and sugar. Starch is the chief con- 
stituent of all cereal foods, including 
bread, cakes and pastries, porridge, rice. 
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sago and tapioca, sugar, and of all sweets 
and preserves, such as jam, treacle and 
honey. Most fruits and many vegetables 
contain sugar; potatoes consist largely of 
starch, and so do bananas. Carbohydrates, 
which are the most easily absorbed foods, 
should form two-thirds of our diet. When 
this proportion is exceeded nutrition 
suffers with harmful results. 

Fats are present in meat, bacon, drip- 
ping, butter, lard, suet, margarine and 
yolk of egg. Fat can be used as fuel by the 
tissues almost as readily as carbohydrates, 



Fig, 22 . Parts of the digestive tract. Tht 
gullet ( oesophagus ) (r) bringing food from the 
mouth. This expands to form the stomach {2). 
Food then passes into the duodenum (3) tht 
first part of the small intestine. It then goes 
through the other parts of the small intestine , 
the jejunum (5), and the ileum (8), and thence 
waste products enter the first part of the large 
intestine , the ccecum (9). The appendix ( 11 ) 
dangles from the ccecum. The large intestine 
continues as the ascending colon (6), crosses the 
body as the transverse colon (4) and runs down 
as the descending colon (7). Finally , the waste 
material enters the last part of the digestive 
nact, the rectum { 10 ) and so leaves the body 



Fig. 23. First part of large intestine {ccecum) 
2 , Last part of small intestine {ileum); 3, 
appendix ; 4 , ccecum; 1 , second part of large 
intestine {ascending colon). 

but only if carbohydrate is being used at 
the same time. In the normal diet, fat and 
protein should each form about one-sixth 
of the total quantity of food taken. 

Besides the three main classes of food- 
stuffs, the living body requires those 
accessory food factors known as vitamins, 
certain mineral salts and water. Appar- 
ently we are not particularly good at 
judging the right proportions for our- 
selves. It has been estimated in the last 
few years that over fifty per cent of the 
population in this country is consuming 
either not enough or not the right kind 
of food to suit the body’s needs. 

Food as Fuel 

The chief purpose of food is to act as 
fuel for the body. Every living cell is 
active and needs energy to perform its 
work; it obtains this energy from food 
which, with the help of oxygen, it can 
burn up, or oxidize, in much the same 
way as a fire burns fuel. As a result of this 
combustion certain waste products are 
formed in the tissues which the body must 
eliminate. One such waste product is 
carbon dioxide, which is thrown off by the 
lungs; others are produced by the com- 
bustion of protein, and are excreted by 
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the action of the kidneys in the forms of 
urea and ammonia. 

Food has a second purpose, that of 
replacing outworn tissues. Carbohydrates 
can be readily employed as fuel, but 
protein is more useful as a body-building 
substance. Any excess of protein not 
needed for the repair of the tissues is 
used up as fuel. It will be obvious that a 
growing child or young person will need 
more protein than an older person, 
because, in addition to replacing protein 
which has been lost by the ordinary 
activities of the cells, he must take in 
enough to build the fresh tissues de- 
manded by the process of growth. 
Similarly, a person who lives an active 
and strenuous life will require more 
protein than a person who sits at a desk 
all day and whose activities are less 
physical than mental. 

Measuring Food Values 

The amount of energy which a parti- 
cular class of foodstuff is capable of 
liberating when burned by the body cells 
can be estimated. It is usually reckoned in 
the form of heat and measured in terms 
of calories. A food calorie is rhe amount 
of heat required to raise one kilogramme 
of water i degree centigrade. A few years 
ago, the Nutrition Committee of the 
British Medical Association decided that 
the average man required 3,000 calories 
a day as food; women and children re- 
quired less but boys between the ages of 
fourteen and eighteen were bound to need 
as much as a full-grown man because they 
were growing rapidly and, as a rule, 
taking a great deal of exercise. 

Standard Diet 

The calorie values of the various food- 
stuffs have been worked out: 1 gramme 
of protein is equivalent to 4.1 calories; 
1 gramme of fat is equivalent to 9.3 
calories; 1 gramme of carbohydrates is 
equivalent to 4.1 calories. 

A standard diet would contain too 
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grammes of protein, 100 grammes of fat 
and 400 grammes of carbohydrates a day, 
and would have a value of approximately 
3,000 calories. Carbohydrate is the cheap- 
est source of calories, since it includes 
bread and all cereal and starchy foods, 
potatoes and the commoner vegetables. 
Protein has the same calorie value as 
carbohydrates but cannot be used so 
readily for fuel; moreover, proteins such 
as meat, eggs, milk and cheese are 
relatively expensive foods. Fats have a 
high calorie value but the human digestion 
is not equipped for dealing with them in 
excessive amounts. 



Fig. 24. Beginning of large intestine. i 3 
Entrance to appendix ; 2, ring of muscle 
dividing end of small intestine from beginning 
of large intestine (ileo-crecal valve). 

On the whole our bodies arc designed 
to take a diet which consists largely of 
carbohydrate, but we cannot afford to go 
short of the other two constituents. 
Unfortunately in many parts of the world 
people, by reason of their poverty, live on 
a diet which consists almost entirely of 
carbohydrate, and malnutrition and ill- 
health are the result. 

Water is present in nearly everything 
we eat, but in addition we require at least 
four to five pints daily. This can be taken 
in the form of various drinks such as tea, 
coffee or beer, all of which consist mostly 
' of flavoured water. Water helps to dissolve 
waste products in the tissues and to carry 
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5 - 9 Hour $ 9-2* Hours 


Fig. 25. Diagram showing approximate position of food during passage through the 
intestines In the first two hours , the food passes down the gullet into the stomach . During 
the next three hours , it passes through the three parts of the small intestine ( duodenum , 
jejunum and ileum). After about five hours , it goes into the first parts of the large intestine 
{ascending and transverse colon). Finally , it passes into the last parts of the large intestine 
(1 descending colon and sigmoid flexure ) and so to the rectum. Digestion goes on m the stomach 
md small intestine, and the waste passes into the large intestine 
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them to the kidneys where they are 
eliminated in solution and finally expelled 
from the body. As much as seventy per 
cent of the body weight is contributed by 
water alone. It is interesting to reflect that 
though we contain a number of minerals 
made up into complicated chemical pat- 
terns, we achieve bulk and importance 
only by means of the kitchen tap. 

Minerals 

The minerals in our bodies reach us as 
constituents of meat, milk, cereals and 
vegetables, in the form of salts of sulphur, 
phosphorus, sodium, potassium, magne- 
sium, calcium, iron and copper. In the 
absence of these mineral salts we should 
die. Iron and copper, for instance, are 
needed to make blood; calcium and phos- 
phorus are essential to the bones and 
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teeth; the thyroid gland requires the 
iodine found in sodium and potassium 
salts in order to fulfil its function. 

Finally, a healthy life is impossible 
unless the diet contains certain accessory 
food factors which have been called 
vitamins. So far, about half a dozen 
vitamins have been identified. 

Vitamin A is found in milk, butter, eggs 
and animal fats, cod liver oil and halibut 
liver oil, while carrots and green vegetables 
contain a substance called carotene which 
is transformed in the body into vitamin A. 
Lack of this vitamin interferes with 
growth, and leads, not to any separate 
disease, but to mild ill health and poor 
resistance to infection. It may cause the 
onset of xerophthalmia, an inflammation 
of the eyes resulting in severe cases in 
blindness, and it makes the patient liable 



Fig. 26. Parts of the large intestine lying in the pelvis. i s Third part of large intestine , 


which passes near the left kidney { descending colon); 2, loop at end of descending colon 
{sigmoid flexure ); 3, bone of pelvis ; 4, section of muscle; 5, pelvic colon; 6, membrane 


lining abdominal cavity { peritoneum ); 7, section of rectum; S, end of digestive canal {anus); 


y, ring of muscle at end of intestine {anal sphincter). 


m.h.b. — E* 
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to fall victim to infections of the skin and 
mucous membranes, especially to broncho- 
pneumonia and inflammation of the 
intestines. Night-blindness, or difficulty 
in seeing in the twilight, is due to changes 
in the retina following lack of vitamin A. 

Vitamin B, which is really a group of 
vitamins, is found especially in peas, 
beans, lentils, the husks of grain (and 
therefore in wholemeal but not in white 
bread) and in eggs. The whole vitamin B 
group is necessary for health and growth. 
Lack of it may lead in eastern lands to 
beriberi or pellagra and anywhere to the 
development of skin eruptions. 

Vitamin C is found in fresh foodstuff's, 
especially the juice of oranges and lemons, 
and in raw vegetables. Lack of it leads to 
the development of scurvy. 

Vitamin D 

Vitamin D is present in fish liver oil, 
yolk of egg and, to a small extent, in 
animal fats. It is absent from vegetable 
oils. Lack of it leads to the development 
of rickets. Cow’s milk contains lime and 
calcium as well as vitamin D, so that it 
is a good preventive of rickets. 

This vitamin is also essential for the 
formation of normal teeth. In 1929 Lady 
Mellanby showed that when a diet is 
deficient in vitamin D and mineral salts, 
the jawbones become soft and deformed 
and the teeth develop poorly. This is 
especially true if large quantities of cereals 
are given. Oatmeal, for example, is defi- 
nitely bad for the teeth. Moreover, teeth 
which are poorly formed owing to a faulty 
diet are more liable to decay than those 
which develop well from the start. If 
vitamin D is added to the diet and cereals 
are omitted, the decayed areas tend to 
harden again and so the progress of the 
disease is checked. 

A fifth vitamin, vitamin E, is present 
in lettuce, whole wheat, egg-yolk and 
liver. This is called the reproductive 
vitamin. It is worth noting, however, that 
while a child is being breast-fed the 


mother needs vitamin B to maintain the 
flow of milk; vitamins A and D are also 
used in larger quantities at this time than 
at others, so that reproduction and the 
rearing of young calls for a diet rich in 
all the vitamins, not for vitamin E alone. 

We have now considered all the con- 
stituents of a normal diet and may discuss 
the various ways in which a balanced diet 
can be supplied to the body. 

Waste Material 

Whatever we eat will contain some 
waste material which cannot be digested 
and absorbed. In fruits, for example, 
much of the bulk is made up of a fibrous 
material called cellulose upon which the 
digestive juices have no action. Coarse 
waste material of this kind is called 
roughage, and serves a useful purpose by 
stimulating the bowel to contract and push 
the food-mass onwards. Those who eat a 
diet deficient in roughage are likely to 
suffer from constipation; the coarse fibres 
of cellulose act as a gentle irritant to the. 
walls of the intestine and so behave like 
a natural aperient. 

Aperients other than natural ones 
should rarely be necessary. If the bowel 
wall is constantly stimulated by chemical 
purgatives, it ceases to respond to any 
other sort of stimulus and it becomes 
necessary to take a daily dose of some 
kind of medicine before it will act at all. 
This is an unhealthy state of affairs; the 
bowel will respond to quite gentle stimuli 
provided it is not bullied and dragooned 
into action by such artificial treatment. 
Once it has grown used to bullying, how- 
ever, it seems to understand nothing else 
Children, especially, should not be given 
purgatives except in the last resort; nearly 
all children can be cured of constipation 
by increasing the amount of fruit and 
vegetables in their diet. It has been said 
that constipation in later life is caused by 
the first dose of castor oil given to the 
newly-born infant by the midwife, and 
though this statement is an exaggeration 
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it contains just sufficient truth to make it 
worth while remembering. 

A balanced diet contains carbohydrates, 
protein and fat in the proportions 8:1:1, 
respectively. Much of the carbohydrate 
part of the diet consists, nowadays, of 
white flour and sugar, which are not ideal 
foods in that they are deficient in vitamins 
and mineral salts. Some of the protein is 
derived from plants but most of it is eaten 
m the form of meat or fish. Cereal foods 
contain a little protein, but not much. 
Roughly speaking, about half our protein 
intake ought to be supplied in the form 
of meat, fish, cheese, or eggs and the other 
half as vegetable protein. Fat is usually 
eaten in the form of butter or margarine, 
and as the animal fats present in meat. 

Proteins 

Proteins vary m their nutritive value 
Animal protein is first-class protein, as 
are also cheese and milk. Among fish, the 
common herring is an excellent source of 
the best protein available; eggs are also 
extremely valuable. Cheese has, perhaps, 
received too little recognition as a source 
of protein food except among labourers 
and manual workers. Their “snack” 
dinner of bread and cheese and an onion 
constitutes an admirably balanced meal. 
Among wealthy people there is danger of 
taking too much protein. Those who begin 
the day with fish, sausages, or eggs and 
bacon, lunch off meat or game with cheese 
at the end of the meal, dme their way 
through several courses including fish and 
meat or poultry, and end up in the small 
hours with lobster mayonnaise or more 
eggs and bacon, are asking a great deal of 
their liver and still more of their kidneys 
They arc eating a grossly unbalanced diet 

Carbohydrates and fat can* be used 
alternatively as fuel by the body, but only 
up to a certain point; they have to main- 
tain a definite proportion to each other. 
Carbohydrate is used more readily than 
fat as a fuel, and it seems that fat is only 
properly burned up when plenty of carbo- 


hydrate is being burned at the same time. 
It is like trying to make a fire with coal 
and coke: if you get the coal burning well 
first, you can add the coke and it will take 
fire, but if you attempt to start the fire 
with coke you generally fail dismally. The 
carbohydrate represents the coal, so to 
speak, which will get the coke going. If, 
for some reason, sufficient carbohydrate 
is not available, acid half-burned products 
of fat appear in the blood stream and give 
rise to the condition of ketosis, or acidosis, 
as it used to be called, in which the 
patient suffers from headache and vomit- 
ing, and in severe cases may pass into 
coma. This state of affairs is sometimes 
seen in people who arc starving and who 
have been using up the fat reserves of the 
body as fuel in the absence of carbo- 
hydrate. It may also occur in a mild form 
among children who arc eating too much 
fat in proportion to carbohydrate; but it 
is specially liable to appear in patients 
suffering from diabetes. 

Good Diet 

The basic components of a good diet 
arc dairy produce, fresh fruit and vege- 
tables and wholemeal bread. Starting with 
these as a foundation, meat and fish may 
be added in moderate quantities. Cereals 
offer a source of vegetable protein and 
help to provide roughage, but they have 
disadvantages which makes it wise to take 
them in moderation. 

We have considered the breakdown of 
the food in the course of digestion and we 
know the types of food essential to health. 
It remains to consider what happens to 
the food once it has been absorbed into 
the body through the wall of the small 
intestine. 

In the small intestine (Fig. 22) starch 
is broken down into sugar, and the sugar 
is in turn broken down into glucose, the 
simplest form of sugar obtainable. Glucose 
is absorbed through the walls of the 
intestinal villi directly into the blood 
stream. The blood vessels coming from 
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the intestine unite with each other to 
form larger and larger vessels until they 
finally form the portal vein. This enters 
the liver and there breaks up, distributing 
its blood throughout the organ by means 
of small vessels running between the 
lobules (Fig. 19). Thus the glucose 
absorbed from the small intestine is 
carried directly to the cells of the liver. 

Metabolism 

The process of building up and break- 
ing down of foodstuffs by the body cells 
is called metabolism, and the liver (Fig. 
18) is the headquarters of this process; it 
is an active factory and its cells are never 
idle. As soon as glucose reaches them they 
set to work to turn it into a material called 
glycogen, in which form it can be stored. 
If the liver of an animal is examined 
immediately after a carbohydrate meal it 
is found to be full of glycogen, but if an 
animal which has had no meal for some 
hours is examined the liver is found to 
contain no glycogen at all. Glycogen is 


also stored in the muscles: the muscle cells 
withdraw sugar from the blood stream 
for this purpose. When the muscles con- 
tract, the stored glycogen is converted 
into sugar and used as fuel. Muscular 
activity converts glucose into lactic acid 
which is carried off in the blood stream; 
the blood delivers the lactic acid to the 
liver, which builds it up into glycogen 
again, and stores it for future use. 

The tissues remove glucose from the 
blood stream at a steady rate and the liver, 
equally steadily, converts its stock of 
glycogen back to glucose, thus maintain- 
ing the supply of glucose in the blood at 
a constant level. So long as the blood 
sugar remains at this fixed level, none of 
it escapes through the kidneys, so that in 
a normal man the urine contains ro sugar. 

Importance of Insulin 

The liver can make glycogen not only 
from glucose and lactic acid but from 
excess of protein absorbed from the 
intestine; but it cannot make glycogen 
from fat. The liver could 
not make and store glyco- 
gen without the help of 
insulin, a material poured 
into the blood stream 
from the pancreas (Fig. 
16). So far we have con- 
sidered the pancreas only 
as a source of the juice 
poured into the duo- 
denum which plays such 
an important part in 
digestion. If the pancreas 
is examined under the 
microscope it is found to 
consist mostly of the cells 
forming pancreatic juice 
and the ducts leading 
from them; but scattered 
among these cells are 
little islets of tissue of 
a different kind. These 
are the islets of Langer- 
hans (Fig. 27), which 



Fig. 27. Section of pancreas. Most of the cells of the pancreas 
are engaged in forming pancreatic juice , which flows through 
the pancreatic ducts into the intestine. But within the pancreas 
are: 1 , Islets of tissue different from the rest of the pancreas , 
which are engaged in manufacturing insulin which goes directly 
into the blood stream {islets of Langerhans); 2, blood vessels; 

3 , main pancreatic duct; 4 , small pancreatic ducts. 
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manufacture insulin. They are not in 
communication with the pancreatic duct; 
their cells pour fluid directly into the blood 
stream. The pancreas, in fact, is not only 
a digestive gland but an endocrine gland, 
that is to say, a gland manufacturing an 
“internal secretion,” as it is called. An 
internal secretion is an active substance 
which is poured by a gland directly into 
the blood stream. Other glands having 
secretions of this kind are the pituitary, 
the thyroid, the parathyroid, the supra - 
renals and the ovaries and testicles. The 
pancreas, however, is the only one which 
manufactures insulin. 

Insulin has two important tasks to 
perform: it enables the body cells to use 
sugar, and it enables the liver to store 
sugar in the form of glycogen. Patients 
suffering from diabetes form little or no 
insulin, and the results which follow the 
lack of this important substance have 
thrown considerable light on the meta- 
bolism of sugar in the body 

Digesting Fat 

Fat is absorbed from the intestine not 
into the blood stream, but into small 
lymphatics called the lacteals. These unite 
to form the thoracic duct, which runs up 
through the thorax to open into one of the 
blood vessels near the heart. Nearly all 
the fat in the food is absorbed, very little 
being excreted in the faeces unless the bile 
duct is blocked; in the absence of bile, fat 
digestion is greatly hindered. The fat from 
the digestive canal, then, is carried up in 
the thoracic duct to be poured into the 
blood in the form of finely divided drop- 
lets. The liver and the tissues remove fat 
from the blood as it circulates round the 
body. Excess of fat is stored in the fat 
depots of the body. It is normal to have 
a layer of fat beneath the skin * which not 
only provides a protective buffer against 
the rude shocks of the world, but helps to 
conserve heat loss from the body surface 
and to provide those gently rolling con- 
tours which are essential to beauty. Other 


tat depots in the human body are found 
m the region of the kidneys and in the 
curtain of fatty material which hangs from 
the lower border of the stomach and pro- 
vides a blanket for the abdominal organs 

The fat in these depots is derived partly 
trom fat taken as food, but some of it is 
also contributed by carbohydrates taken 
to excess. The body has the power of 
converting carbohydrates into fat; hiber- 
nating animals make use of this capacity 
to store up large deposits of fat in the 
autumn upon which they can draw in 
order to live through the winter. 

Fat as Fuel 

The liver as usual plays a part in fat 
metabolism; fats are brought to it from 
the depots to be broken down into a form 
in which they can be used as fuel. Fat is 
not only a reserve form of fuel but takes 
part in the construction of every cell in the 
body. This intra-cellular fat is essential to 
the life of the cell and persists even during 
starvation. It has been said already that 
the tissue cells, especially those of muscles, 
can use fat as a fuel as long as plenty of 
carbohydrate is being used as well. 

The proteins taken in as food are 
absorbed, after digestion, into the blood 
vessels in the intestinal villi and are 
carried thence to the liver. They are then 
in the form of amino-acids. Some part of 
them pass directly through the liver in 
the blood stream and are carried round 
the body to the various tissues and organs, 
the Cells of which take them up and use 
them for building and repair. The rest of 
the amino-acids are subjected to a process 
in the liver which breaks them down into 
two kinds of substances, one containing 
nitrogen and the other free from it. The 
substance containing nitrogen is then con- 
verted into urea by the liver cells and 
passes into the blood stream to be ex- 
creted by the kidneys as a waste product. 
The remaining nitrogen-free material is 
converted into glucose by the liver and 
can then be used as fuel. 



CHAPTER VI 


WHY AND HOW 
WE BREATHE 

PURPOSE OF breathing: necessity of oxygen for life: nose, nostrils 
and throat: larynx and trachea: composition of lungs: air 
content of lungs: effects of carbon dioxide: variations in 
oxygen demand • oxygen in the blood : SHORTNESS of breath 


It was early suspected that one of the 
purposes of respiration was to get rid of 
the waste fumes associated with the flame 
of life within. We now know that such is, 
indeed, one of the uses of the respiratory 
act, though we understand by the flame 
of life a much more subtle affair than the 
imagination of our ancestors pictured 

Oxygen Supply 

We are sustained by a constant series 
of miniature explosions, or acts of chemical 
combination, not unlike those which take 
place in the cylinders of an internal 
combustion engine. For these explosions 
a steady supply of oxygen is necessary: 
and the positive purpose of respiration is 
to draw into the lungs, where it can be 
taken up by the blood constantly circu- 
lating through them, a continuous fresh 
supply of air — which is oxygen diluted 
with four times its volume of nitrogen 
Within the body there is a comparatively 
small reserve of this essential clement; we 
cannot go on living for hours or days at a 
time without a fresh supply, as we can 
without fresh supplies of food or water. 
A pillow over our face, or a blockage in 
our windpipe, and we are dead from 
oxygen-want before many minutes have 
passed. The fire in every one of our cells 
goes out, effectively smothered. 

The atmosphere contains about twenty 
per cent of oxygen: and all natural waters 


in which plants or animals live contain a 
certain amount of it loosely dissolved in 
them, apart from the oxygen which, in a 
chemically combined state, makes up by 
far the greater part of the weight of pure 
water itself. Very simple microscopic 
organisms, composed of but a single cell, 
obtain oxygen direct from the air or water 
in which they live, without any elaborate 
specialized breathing apparatus, )ust as 
they obtain food and get rid of their waste 
without any specialized oral or excretory 
organs. Animals above a very low stage ol 
development arc, however, much more 
complicated. Their bodies are composed 
of millions of cells, the greater number ol 
which are not in direct contact with the 
atmosphere or the water in which they 
live. Yet each of these cells must be con- 
stantly supplied with oxygen In the 
chapter dealing with blood and its circula- 
tion is described the machinery by means 
of which oxygen, having been taken in 
through a specialized part of the body, is 
distributed to each of our body cells. Here 
we are concerned with the means whereby 
oxygen is taken into the body from the 
surrounding air 

Process of Breathing 

When we are at rest, certain muscular 
contractions, which involve visible move- 
ments of the chest wall, take place, with- 
out anv conscious effort of our will, some 
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seventeen times a minute. When we are 
working or otherwise actively employed, 
the contractions occur more frequently. 
Each of these respiratory acts involves 
two movements, inhalation and exhala- 
tion, the first of which causes air to be 
drawn into the chest, and the second 
causes it to be expelled. 

Man’s breathing apparatus consists of 
the nostrils, the pharynx, the larynx, the 
trachea, and the bronchial tubes, with the 
bronchioles and air cells, or alveoli, which 
make up the essential part of the lungs. 
Air enters the body through the nostrils 
(Fig. i). If these arc in any way ob- 
structed, or if there is an exceptional 
demand for air by the body, the nasal 
openings arc supplemented by the mouth. 
As a habit, breathing through the mouth 
is undesirable, because that aperture is 
not furnished with the protective mechan- 
ism which safeguards the nasal entrance. 
The nostrils join the oral orifice at the 
back of the mouth, the common chamber 
being called the pharynx 

Parts of the Nose 

The nose may be considered as having 
an external and an internal part (Fig. 2). 
The external nose begins above at the 
slight depression midway between the two 
eyes. Below, it ends at the top of the upper 
lip. Its sides and front have a bony struc- 
ture above, making up what is called the 
bridge of the nose, and a flexible, elastic 
part below, known as the alee nasi , or 
wings of the nose. In the walls of the 
lower part are small plates of cartilage, 01 
gristle, which can be moved by tiny 
muscles attached to them. In this way. 
the nostrils can be expanded and con- 
tracted. The skin of the nose is closely 
adherent to the bony and cartilaginous 
tissue beneath it. Compared witfi the rest 
of the face, there is a poor circulation ol 
blood through this part of it. Wounds ot 
the surface of the nose, consequently, 
usually take a long time to heal. Thus, 
also, is partlv explained the permanent 
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dilation of the surface blood vessels of the ' 
nose in people who suffer from certain 
forms of indigestion, or who drink too 
continuously, or who are more than 
usually exposed to the weather. 



Fig. 1. Parrs of the nose. 1, Bonv part of 
nose , running from betzveen the eyes ( nasal 
bone); 2, flexible , elastic part , movable by 
muscles ( wings ol nose, or alee nasi); piece 
of cartilage jormmg part of outer wall of 
nostril (sesamoid); 4, cartilage dividing 
cavity of nose into two sides (septum), 5. 
triangular piece of cartilage 

The cavity ot the nose is divided into 
two sides by a central cartilaginous sep- 
tum. These two side chambers — the so- 
called nasal fossa? — lead from the anterior 
nares, or outer openings of the nostrils, 
to the pharynx at the back of the mouth. 
It may be seen that for a third of an inch 
the skin of the face is continued to form 
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Jb'ig. 2 . Side section of the nose and throat , showing cavities and passages. Cavity ai 
head of nose (frontal sinus); 2, wedge-shaped cavity behind nose ( sphenoidal sinus); J, tonsil 
lying between nose and throat (naso-pharyngeal tonsil); 4 , fleshy part of the soft palate 
(uvula); 5 i tonsil; 6, membrane which closes over windpipe to prevent food going wrong way 
(epiglottis); 7, mass of spongy tissue between back of nose and throat (adenoid); S, part of 
uvula; 9 and 10, tonsils ; 11 and 12, cavities situated near the perforated bone through which 
passes the nerve of smell (posterior ethmoidal sinus and anterior ethmoidal sinus); 13 , channe 
through which tears are carried from the tear glands ( lachrymal durt). 


NOSE AND LACHRYMAL DUCTS 


the inner lining of the nostril. This part 
of the inner coat of the nose is furnished 
with numerous hairs, called vibrissas, 
which serve to hold up dust, insects and 
other foreign bodies in the air we breathe, 
and prevent them from reaching the more 
delicate internal parts. Thus is explained 
the not infrequent occurrence of inflam- 
mation of the little sebaceous glands of the 
roots of these hairs just within the nostril, 
as a result of infection. These tiny boils 
are often very painful and very disfiguring. 
Further in, the nostrils are lined with a 
delicate membrane, the cells of which are 
furnished with microscopic hairs or cilia. 
These are in constant motion, sweeping 
outwards the mucus which the cells secrete 
and any germs that have become caught 
in the mucus 

Lining of Nose 

The nasal lining is equipped with 
numerous small glands which secrete 
mucus. This serves not only to trap in- 
vading germs but also to moisten the air 
before it reaches the lungs. There is a 
fairly good blood supply to the internal 
parts of the nose, as those who suffer from 
epistaxis, or nose-bleeding, know. This 
surface blood supply warms the air passing 
over it— which is one of the reasons why 
nose breathing is hygienically to be pre- 
ferred to mouth breathing. The septum 
of the nose is almost entirely composed 
of cartilage; but at the hindermost end it 
is bony in basic composition (Fig. i). The 
nasal septum is nearly always a bit out of 
the straight, the cartilage generally deviat- 
ing slightly to the right. This deviation is 
in some cases so extreme as to constitute 
a real obstruction to breathing, and an 
operation may become necessary. 

At the higher part of the internal nose 
is a sensitive surface for the reception of 
the impressions which stimulate the sense 
of smell. This is known as the olfactory 
surface, and in it are the numerous endings 
of the collecting branches of the olfactory 
nerve, which takes the messages to the 
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brain, where they are interpreted and 
appear in our consciousness as the various 
scents and smells, pleasant and unpleasant, 
which we experience. Opening into the 
nostrils are the ends of the lachrymal 
ducts which carry the tears from the tear- 
glands in the corners of the eyes. These 
tears are constantly being produced. They 
pass across the surface of the eye, cleaning 
it of fine dust, and empty into the upper 
end of the lachrymal duct on the inner 
corner of the orbit. 



Fig. 3. Air cavities m the bones of the face. 
There are cavities in the forehead bones 
( frontal sinuses ) and the upper jawbones 
( antrum v of Highmore). 

, Projecting into the side walls of the 
nostril arc three membrane-covered ridges 
on each side. These are the turbinated 
bones. Between these ridges, or conchce y 
are spaces known as meati. Into the 
lowest of the three meati the lachrymal 
duct opens. Into the middle meatus open 
the frontal sinus (Fig. 3), the antrum of 
Highmore and anterior ethmoidal sinus. 
Into the highest meatus open the sphen- 
oidal and posterior ethmoidal sinuses. 
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Fig. 4. Throat cavity connecting with nose 
and mouth , seen from behind. 1 , Wall of 
cartilage , dividing nasal cavity into two 
(i nasal septum ); 2, uvula; 3, tonsil; 4 , epi- 
glottis; 5, lowest cartilage ring of larynx 
(1 cricoid cartilage); 6 , gullet (oesophagus); 
7, windpipe (trachea); 8, channel leading to 
ear drum (eustachian tube V 9, root of tongue. 

These sinuses, or accessory cavities, of 
the nose are liable to become infected by 
germs breathed in, because their lining 
membrane is continuous with the lining 
membrane of the nostrils. The orifices of 
the sinuses at their junction with the 
nostrils are so small that if they become 
infected, it is very difficult for the puru- 
lent secretion to drain away. Moreover, 
the lining membrane of the nostrils is 
particularly liable to swell when inflamed. 


This, also , tends to hinder the escape of 
discharge. Sinusitis, or inflammation of 
one of the sinuses, is, therefore, apt to be 
a very serious and painful condition, 
which requires expert surgical treatment. 
At the back, the nasal passages open into 
the nasal pharynx, the connecting link, as 
it were, between the air passage and the 
pharynx proper (Fig. 4), which is common 
both to the mouth and the nose. In the 
walls of the nasal pharynx are masses of 
lymphatic tissue, the chief purpose of 
which seems to be to collect germs that 
have succeeded in passing the first lines 
of defence. Not infrequently, especially in 



Fig. 5 - Side section of larynx. /, Epi- 
glottis; beginning of larynx ( vestibule ), 
J, vocal cord; 4 and 6, lowest cartilage rings 
of larynx (cricoid cartilages); 5, lower pari 
of windpipe (trachea); 7, upper cartilage oj 
larynx — the Adam's apple (thyroid carti- 
lage); 8 , U-shaped bone to which many 
throat muscles are attached (hyoid bone). 
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children living in unhealthy conditions, 
these lymphatic masses become poisoned 
and enlarged, and more or less completely 
block the nasal airway. These are the 
so-called adenoid growths (Fig. 2). 

The pharynx proper affords common 
transit for both air breathed in by the 
nose and food taken by the mouth; thence, 
these widely differing forms of intake find 
their way into the body by separate 
tracks (Fig. 7). At the back of the pharynx 
are the openings of the gullet, leading to 
the stomach, and the windpipe, leading to 
the lungs. The upper part of the windpipe 
is called the larynx (Figs. 5 and 6), or 
talking-box, the lower the trachea. The 
windpipe consists of a series of cartilagi- 
nous rings or hoops, continuous in front, 
but not at the back, where they would 
press on the gullet which lies immediately 
behind them (Fig. 6). The rings are 
covered by an elastic tissue which also 



Fig. 6. Back view of larynx , or talking-box . 
r. Epiglottis , which closes over the larynx 
during eating; j, windpipe. 



Fig. 7. Diagram showing passages taken by 
food and air. The dots show path of food, 
from the mouth across the throat into the 
gullet. The arrows slum path of air , through 
the nose , across the throat , into the windpipe. 

joins their posterior ends, completing the 
circular tube wall. This arrangement 
allows for free movement of the neck in 
every direction. 

The cartilaginous framework of the 
larynx differs widely from that of the rest 
of the windpipe, and its inner lining is so 
specialized as to play an important part in 
our speech. The opening into the laryn- 
geal tube from the pharynx is known as 
the glottis. Slanting above this is a carti- 
laginous-framed membrane called the 
epiglottis (Fig. 2), which acts as a sort of 
trap-door to the windpipe. When we are 
eating and are about to swallow food, the 
laryngeal cartilages are raised towards the 
epiglottis so that the glottis is temporarily 
shut. Food is thus prevented from “going 
down the wrong way.” Coincident with 
this protective act in the process of 
swallowing, is another reflex act little less 
important, the raising of the soft palate 
so as to close the back of the nostrils 
where they open into the pharynx, thus 
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Fig. 8 . Larynx open and shut , seen from 
above. 2, Epiglottis; 2 , vocal cord , movable 
by muscles to produce sound; J, opening from 
throat into larynx (glottis); 4 , base of tongue. 

hindering regurgitation of food through 
the nose (Fig. 8). 

Just below the opening from the 
pharynx, that is, just below the glottis, 
there are two folds of lining membrane 
with minute ligaments stretched obliquely 
across the tube from back to front. These 
are the vocal cords (Fig. 8). Their attach- 
ments at the back are movable by delicate 
muscles. The vocal cords are taut, and as 
air passes by them they vibrate so as 
to produce various sounds. Numerous 
muscles are connected with the vocal 
cords and with their points of attachment. 
By contractions of these muscles the cords 


can be shortened or lengthened, made 
thicker or thinner, separated or brought 
together with the utmost fineness of 
gradation. The topmost of the cartilages 
of the larynx is known as the thyroid 
cartilage (Fig. 5), and is much bigger and 
more prominent than any of the others 
It constitutes the so-called Adam’s apple: 
ligaments and muscles connect it with a 
queer little U-shaped bone, the hyoid 
bone. The lowest ring of the larynx, 
known as the cricoid cartilage (Fig. 5), 
also differs from the others. It is the only 
ring in which the cartilage goes completely 
round. Therefore, it is liable to press 
somewhat firmly on the gullet, which 
explains the marked discomfort we some- 
times experience at the upper part of the 
throat when we swallow an insufficiently 
masticated lump of food. 

The Windpipe 

The windpipe (Fig. 9) is about four to 
five inches long, and about an inch wide 
at its widest part. At its lower end, which 
is situated on a level with the fourth dorsa 
vertebra, it divides into two tubes known 
as bronchi. The right bronchus is shortei 
and more nearly vertical than the left, 
which explains the frequency with which 
foreign bodies that find their way into the 
windpipe get lodged in the right bronchial 
tube. The bronchi and the larger of the 
tubes into which they branch resemble 
the windpipe in having a framework ol 
incomplete cartilaginous rings, covered 
and completed by elastic and fibrous 
tissue. These rings become less and less 
cartilaginous as the size of the bronchial 
branches diminishes, until, when the 
tubes are about one-twentieth of an inch 
in diameter, they disappear altogether. 
This secures patency (openness or non- 
collapsibility) combined with flexibility 
and some extensibility. Each bronchus 
(Fig. 10) divides into smaller tubes, and 
these again into smaller so-called bron- 
chioles. The smallest branch tubes end in 
an expanded air cell, or alveolus (Fig. 1 1). 
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The collection of branches, and sub- fluid between the two layers helps them to 

branches, with the air cells, together with move freely over one another when the 

connective tissue, blood vessels and chest expands or contracts, that is to say, 

nerves, make up the substance of the when the thoracic cavity is increased or 

right and left lungs. diminished in size. By the contraction of 

certain muscles, we can raise the ribs to a 
The Lungs more horizontal position (when we are 

The lungs (Fig. 12) occupy the greater ourselves erect), and by similar muscular 

part of the thorax, or chest cavity, having contraction we can lower the dome of the 

the heart, the gullet and the great blood diaphragm and thus make it flatter (Figs, 

vessels as neighbours. Each lung is 13 and 14). Each of these movements 

roughly cone-shaped, the right being makes the thoracic cavity larger. That is 

broader and shorter than the left. The what we do every time we breathe in. 
lungs are divided by deep depressions into Between the two layers of the pleura is 
separable parts called 
lobes, the left lung into 
two, the right into three. 

Each lobe is again, less 
markedly, subdivided 
into lobules. The crude 
external appearance of 
the lungs is that of two 
spongy elastic conical 
masses, rather than of 
bladders filled with air. 

This is not unnatural 
when we remember that 
the diameter of each air 
cell is about one-hun- 
dredth of an inch and 
that there are about 
400,000,000 air cells in 
the lungs. What is called 
the root of each lung is 
made up of the larger 
bronchial tubes, the big 
arteries and veins enter- 
ing and leaving the lung, 
the nerves, and a mass 
of connective tissue hold- 
ing all together. The 
point of entry of all these 
tubes is called the hilum. 

The cavity of the thorax 
; is lined and the surface pjg ^ 77^ windpipe , showing larynx , trachea and bronchial 

! *he lungs covered by branches . r, Epiglottis; 2, hyoid bone; 3 and 4, cartilage > 

j a continuous double 0 f larynx {thyroid cartilage and cricoid cartilage); 5, cartilages 
\ membrane, the pleural of lower part of windpipe ( tracheal cartilages); 6, trachea ,* 

J membrane. A lubricating 7 and 5, branches of windpipe to lungs (bronchi). 
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Hg. io. Section of branch of windpipt 
running to lung {bronchus), i, Outer layer 
of sensitive tissue {ciliated epithelium); 2, 
muscular layer ; j, cartilage; 4, mucous mem- 
brane; 5, mucous glands; 6, fibrous tissue 
The bronchus divides into many smaller tubes 

a vacuum; the lungs, owing to the dimin- 
ished .pressure around them, expand so 
as to occupy the enlarged cavity, and air 
is accordingly drawn in in order to 
equalize the pressure. Directly the muscles 
which raised the ribs and lowered the 
diaphragm cease to contract, the elastic 
tissue of the lungs causes them to recoil 
to their former restricted size. 

The various methods of performing 
artificial respiration consist essentially in 
alternately expelling the air in the lungs 
by forcible pressure on the lower part of 
the chest wall, and relaxing the pressure 


and so allowing the air again to enter. This 
double process is carried through about 
fifteen times a minute. 

In violent expiratory movements, as m 
coughing, there are generally preliminary 
forced inspirations. These cause the 
abdominal muscles to come into play. 
They respond by marked contractions 
which force the diaphragm upwards as 
soon as it relaxes, thus bringing about a 
rather violent expulsion of air from the 
lungs. Deep inspirations precede both 
sneezing and yawning as well as coughing. 
In the first case, the inspiration is 
followed by a rather violent expiration 
through the nostrils, and the second by a 

short expiration mostly through the mouth. 

Except at the hilum, each lung is 
covered by a sort of doubled bag of 
pleural membrane, known as the pleural 
sac. Normally, the two layers of this sac 
lie close together, movement between 



Eig. 11. Air tubes, an cells and blood 
vessels making up the lungs . r, Air tube, 

2, artery; j, vein; 4, air cells {alveoli); 5 
and 6, covering of surface of lungs {pleura 
and pleural cavity). 
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6, lower lobe of ritthtlmi- , b *' T * ° f Ught lung; 5 ’ mddle lobe of right lung: 
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windpipe, running into lungs ( bronchi ')■ ieZiaeraTh branches °f 
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Fig. 13. Movement 0/ the rib in breathing. 
The ribs move from the shaded position to 
the dotted position , thus enlarging the chest 
cavity. 1 , Axis of rotation; 2, joint of rib 
and spine; 3 and 4 , alternate positions oj 
rib during breathing; 5, breast bone. 

them being facilitated by a little lubri- 
cating secretion. The outer layer of the 
pleural sac fits closely to the ribs, the 
inner to the outer surface of the lung. 
When, as a result of germ invasion, or 
other irritant cause, the pleura become 
inflamed, we have the morbid condition 
called pleurisy. 

The body, especially when actively 
engaged, needs a large and continuous 
supply of oxygen. The oxygen of the air 
has to run a rather elaborate obstacle race 
in order to become united with the 
haemoglobin of the blood, to be again 
dissociated from the haemoglobin, to enter 
into simple solution and pass through two 
membranes before it can be delivered to 
its destination. We may well wonder how 
a sufficient amount can be taken up from 
the comparatively small cavities of the 
lungs. In actual fact, the total area of the 
lining membrane of the millions of air 
cells which form the terminals of the small 
branches of the bronchial tubes is 
enormous. This respiratory surface, as it 
is called, is nearly a hundred times the 
surface area of the body; and it is over 


this expanse that the blood is spread out 
to be oxygenated and decarbonized. 

The thoracic cavity (Fig. 15) itself is 
bounded above and at the sides by the 
ribs and the muscles and tissues asso- 
ciated with them; in front, by the sternum 
or breast bone; at the back, by the dorsal 
vertebra and their attachments; and 
below, by the diaphragm. The diaphragm 
is attached behind to the lumbar vertebra, 
at the sides to the ribs, and to the bottom 
end of the sternum in front. When the 
diaphragm muscle contracts, it tends to 
become less dome-shaped and flatter, thus 
increasing the capacity of the thorax and 
causing the abdomen to bulge. Its mus- 
cularity plays an active part in breathing. 

In ordinary breathing, we do not at 
each inspiration fill the lungs to their 



Fig. 14. Lung expansion in breathing . 
(a) Front view, (b) Side view. The lungs 
expand to fill the increased capacity of the 
chest cavity shown by the dotted lme s caused 
by the movement of the ribs and the flattening 
of the diaphragm (r). 
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maximum capacity. No more do we at 
each expiration completely, or even sub- 
stantially, empty the lungs of air. It is not 
smiply a matter of filling our lungs with 
a full supply of atmospheric air and clear- 
ing out all the carbon dioxide resulting 
from the activities of our tissues, but of 
increasing the oxygen content of the con- 
taminated air in our lungs and diminishing 
its carbon dioxide adulteration. In ordi- 
nary quiet breathing, an adult human 
being inhales and exhales at each breath 
about 500 cubic centimetres (about 30 
cubic inches) of air. This is called the 
tidal air. If he breathes outward as hard 
as he can, it is possible for an average 
adult to exhale another 1,500 cubic centi- 
metres. This is called the supplemental 
air. By taking a very deep inspiration we 
:an, in health, breathe in a further 1,500 
:ubtc centimetres in addition to the tidal 
>oo cubic centimetres and the supple- 
nental air. This is called the comple- 


mental air. There is, in a normal lung, a 
residual supply of too cubic centimetres 
that we cannot get rid of by any respira- 
tory effort. This is called the residual air 
The total of the tidal air, the complc- 
mental air, and the supplemental air. 
makes up what is called the vital capacity 
of an individual. The healthy normal in a 
fully grown adult is about 3,500 cubic 
centimetres. 

Air in Lungs 

Breathing is not, then, just a matter of 
taking in oxygen, and giving out carbon 
dioxide, but of inhaling and exhaling 
different mixtures of both of these 
Inspired air contains about twenty-one 
per cent oxygen and about one-twenty- 
hfth per cent carbon dioxide, whereas 
expired air on an average contains about 
sixteen per cent oxygen and over four per 
cent carbon dioxide. The air in our lungs 
is never, even after our deepest inspiration 
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so well charged with oxygen or so free 
from carbon dioxide as is the air about us. 
The average composition of the air in our 
lungs is about eighty per cent nitrogen, 
fourteen per cent oxygen, and six per cent 
carbon dioxide. This air is saturated with 
water vapour at body temperature. The 
air of an ordinary occupied room contains 
about 0.04 per cent of carbon dioxide. 
The proportion of carbon dioxide in the 
air of the most crowded and window- 
closed hall can never remotely approxi- 
mate to the proportion contained in the 
air which fills the cells of the lung. The 
air we breathe in has to contain at least a 
hundred times as much carbon dioxide as 
the average before we notice any parti- 
cular inconvenience in our respiration— 
always provided we are sitting down and 
taking things easily. When we breathe in 
air containing as much as three per cent 
carbon dioxide, the air in our lungs shows 
a rise of one two-hundredths of its normal 
content of that gas. Any further rise of 
carbon dioxide in the inspired air is apt 
to give rise to unpleasant symptoms and 
to danger. The first symptoms are head- 
ache and mental confusion; if the percent- 
age is markedly increased, the heart slows 
down, and if continued to excess death 
will eventually result. 

Frequency of Respiration 

Here is a table which shows some of the 
effects produced by a progressively in- 
creased percentage of carbon dioxide in 
the air we breathe. 


Percentage of 
carbon dioxide 
in inspired air 

Average frequency 
of respiration per 
minute 

Percentage of 
carbon dioxide 
in afveolar air 

0.04 

14 

5.6 

0.79 

14 

5.5 

2.02 

15 

5.6 

3.O7 

15 

5*5 

5-14 

19 

5*2 

6.02 

27 

6.6 


This table shows that by increasing the 
depth and frequency of respiration, the 


percentage of carbon dioxide in the 
alveolar air is kept at a fairly constant 
level, even when the percentage of that 
gas in the atmosphere breathed is increased 
over one hundred times; but that after that 
point, a limit to the compensatory mech- 
anism is reached, and serious consequences 
are pretty sure to follow. In contrast with 
the effect on depth and rate of respiration 
of relatively small increases in the per- 
centage of carbon dioxide in the air we 
breathe, is the small effect of even a con- 
siderable diminution of the percentage of 
oxygen in the air inspired. This has been 
demonstrated by an interesting experi- 
ment, in which an individual is made to 
breathe in and out of a large bag, through 
a soda-lime mixture, which removes the 
carbon dioxide from the air passing 
through it. It is found that the breathing 
is unaffected until the oxygen in the bag 
is reduced by one-third, that is, from 
twenty-one per cent to fourteen per cent. 
Even then, the increase in the breathing 
rate is generally too slight to be, as a rule,' 
noticed by the subject of the experiment. 

Arterial blood, as it issues from the left 
ventricle of the heart, contains about 
eighteen volumes of oxygen in a hundred 
volumes of blood. The mixed venous 
blood returning to the heart when we are, 
comparatively speaking, resting, still con- 
tains fourteen or fifteen volumes of 
oxygen, having given up only about three 
or three and a half volumes percent to the 
tissues. Very marked is the difference in 
the oxygen content of the mixed venous 
blood returned to the heart when we are, 
or just have been, engaged in active 
muscular exercise. Sometimes the oxygen 
in this blood is less than five volumes of 
oxygen in a hundred volumes of blood. 

Increased Oxygen Demand 

The difference in oxygen demand made 
by a working muscle as compared with an 
inactive one is shown by the observed 
fact that more than double the number of 
blood capillaries are dilated in the working 
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muscle of one side as compared with the 
same muscle at rest on the other side. To 
meet the increased demand for oxygen 
during active work, there may be as much 
as a six-fold increase in what is called 
pulmonary ventilation, that is, in the 
frequency and depth of breathing (Fig. 
16). Also, the heart-beat may be doubled 
in frequency, so that the oxygenated blood 
may be circulated more quickly; the blood 
pressure may be raised; and the number 
of red corpuscles, or oxygen carriers, may 
be raised very much above normal, 
seeming to emerge, fully equipped, from 
storehouses in connexion with the fac- 
tories where they are produced. 

Oxygenation of Blood 

Among the chief purposes of the blood 
arc the carrying of oxygen from the lungs 
to the cells of the body, and the carrying 
back to the lungs of the carbon dioxide 
resulting from the cells’ activities. But it 
must not be supposed that these gases are 
carried in the blood in a simple state of 
solution, as sugar might be. A hundred 
volumes of arterial blood contain on an 
average twenty volumes of oxygen; but 
not more than three volumes in a thou- 
sand of blood is simply dissolved oxygen. 
All the rest is conveyed in actual chemical 
combination with the haemoglobin con- 
tained in the red corpuscles. Just as 
oxygen in certain circumstances combines 
with iron to form the iron oxide, or rust, 
with which we are all familiar, so the 
oxygen absorbed by the blood from the 
air which we breathe into our lungs com- 
bines with the haemoglobin to form what 
is called oxyhaemoglobin. This oxygena- 
tion of the blood corpuscles gives blood 
the bright red colour we find in the 
arteries. When, in the various tissues, this 
oxygen is partly given up through the 
cells, the blood becomes duller or more 
purple in colour, as in the veins. Blue 
blood, therefore, indicates not the superior 
breeding which conventional speech attri- 
butes to it, but a deficient supply of 
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the oxygen required to supply energy. 

A second series of chemical processes is 
involved in the conveyance of the carbon 
dioxide from the tissues to the lungs. In 
100 volumes of venous blood there are 
forty-eight volumes of carbon dioxide; but 
only about two and a half of these volumes 
are in simple solution. The bulk of the 
carbon dioxide taken from the tissues 
enters into combination with salts of 
sodium and potassium to form carbonates 



Fig. 16. Special apparatus for measuring 
frequency and depth of breathing during 
exercise. The increased demand for oxygen 
may result in a six-fold increase in this 
frequency. /, Valves; J, three-way tap, 
J, rubbered canvas bag. 

and bicarbonates. When the blood reaches 
the capillaries in the walls of the air cells 
of the lungs, some of these carbonates are 
dissociated, that is, they give up the gas 
that was combined with them. 

Both the blood, and the cells which it 
feeds, exercise a selective process in their 
absorption of the various gases brought 
to them. Thus, although atmospheric air 
is about four-fifths nitrogen to one-fifth 
oxygen, both arterial and venous blood 
contain only one and three-quarter per 
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cent of nitrogen as compared with twenty 
per cent of oxygen in the case of arterial 
blood and twelve percent of oxygen in the 
case of venous blood. The amount of 
oxygen absorbed by the body cells is what 
they need at the time for their activities; 
and it is found that the same amount of 
carbon dioxide is given off in an atmo- 
sphere of pure oxygen as in one which is 
only one-fifth oxygen, the output depend- 
ing entirely on the amount of activity in 
.the tissues. 

Oxygen Consumption 

When we are engaged in active muscular 
work, our consumption of oxygen and our 
production of carbonic acid gas arc very 
greatly increased. A muscle actively en- 
gaged in work will consume its own volume 
of oxygen in about ten minutes. It is 
fortunate that the blood can convey 
oxygen to meet such varying needs by 
means other than simple solution. Other- 
wise man would need blood vessels of the 
size and length of an elephant’s to meet 
his body’s oxygen needs. As it is, the blood 
carries at least forty times as much as could 
be dissolved in it. Blood reaching the 
lungs can take up about five per cent of its 
volume of oxygen; but it must be remem- 
bered that, in order to reach the blood, 
the oxygen in the alveolar air has to pass 
in simple solution in the plasma, or in the 
lymph seeping to and from the plasma, 
through two walls, in order to reach the 
actual blood in the capillaries. It must 
pass through the membrane lining the 
air cells, and through the thin wall of the 
capillary; and it is only when it reaches 
the blood that it can be taken up into 
chemical combination with the haemo- 
globin in the corpuscles. 

Oxygen Distribution 

Difficulties of a similar nature are pre- 
sented at the other end of its journey; for 
when it has been carried through the 
arteries to the various tissues needing the 
supplies which it bears, these supplies, 


including the oxygen, have again to pass 
in simple solution both through the walls 
of the capillaries and through the mem- 
brane framing the cells to which they are 
to be delivered. The carbon dioxide also 
has to pass in solution through these same 
two thin walls or membranes, at each end 
of its journey. 

Both the frequency and the depth of 
respiration, even in a state of health, 
whether we consciously interfere with 
them or not, vary according to the body’s 
needs. To some extent we can, for a short 
time, modify the pace and the depth of 
breathing. There is, in the back of the 
brain, a group of nerve cells which con- 
stitutes the so-called respiratory centre. 
This centre responds to messages trans- 
mitted to it both by nerves and by 
chemical substances brought to it by the 
blood. In other words, it has both a postal 
and a telegraphic intelligence service 
Thus, if there is the slightest excess above 
normal of carbon dioxide in the blood 
which passes through it, it accelerates the 
rate of breathing and increases the depth. 
This fact is made use of in clinical medi- 
cine on certain occasions when breathing 
shows signs of stopping in the process of 
administering an anaesthetic, carbon di- 
oxide with oxygen being used to stimulate 
the respiratory centre to renewed activity. 

Acid in Blood 

It seems that any increase of the acid 
in the blood acts much in the same way. 
For example, lactic acid, which is often 
found in the blood during very active 
exercise, markedly stimulates the respira- 
tory centre. Mere lack of oxygen, unless 
it reaches an extreme degree, does not 
markedly increase the rate or depth of 
breathing; one authority says that “the 
percentage of oxygen may be diminished 
to about one half of that found in the 
atmosphere before breathing is markedly 
affected.” It is noteworthy that although 
a comparatively slight increase in the pro- 
portion of carbon dioxide in the blood or 
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in the alveolar air quickly brings about an 
increased rate of breathing, an increase of 
carbon dioxide in the air we inhale, even 
if it amounts to twenty-five times the 
amount ordinarily found in the atmo- 
sphere, produces no appreciable effect. 

We must all have experienced the 
quickening of our breathing which occurs 
when we are confronted with sudden 
danger or the expectation of bad news, or, 
indeed, when we are excited in any way. 
Almost any form of sensory stimulation 
causes messages to be sent that affect the 
respiratory centre. We touch something 
slimy, or cold, or hot; we are pricked by 
a thorn or stung by a nettle, and spon- 
taneously the breathing becomes more 
rapid. Messages from the breathing 
passages themselves directly influence the 
respiratory centre, causing us to sneeze, 
cough, or take a deep breath. Impulses 
come also from the lungs every time they 
expand, causing the respiratory mechan- 
ism for a fraction of time to go out of 
action. Again, a rise of blood pressure 
leads to a partial inhibition of respiration, 
whilst a fall in blood pressure stimulates it. 

Reactions to Danger 

For nearly all of these reactions there 
is a present or evolutionary reason. It is 
easy to see and understand the protective 
value of the chemical regulation of breath- 
ing. The presence of an excess of carbon 
dioxide in the blood is a sure enough sign 
that we need to breathe more frequently 
and more deeply, and the bringing about 
of such speeding up is the effect that this 
excess has on the respiratory centre. But 
why should fear, or pain, cause the breath- 
ing to increase in pace and depth ? Fear 
and anxiety are emotions associated with 
danger. Throughout the earlier phases of 
our ancestral life, danger meant for the 
most part physical danger, the natural 
self-protective reactions to which were 
fighting or flight. 

These emotions provoke all kinds of 
bodily reactions appropriate to these two 


activities. They cause the heart to beat 
more strongly and quickly so that a good 
supply of blood may be sent to the muscles. 
Functions not immediately necessary, 
such as digestion, are held up. Sugar is 
despatched from the storehouse of the 
liver to be conveyed to the muscles, where 
it is burnt and liberates energy. These are 
examples of the automatic reactions to 
emotions associated with danger, emotions 
calculated to call for a great increase in 
physical activity. 

Artificial Respiration 

If, consciously and deliberately, we take 
a series of deep breaths quickly repeated, 
we find that these are followed by a short 
period during which we hardly breathe at 
all. That is because the blood is charged 
with as much oxygen as it can do with, 
and coincidently has reduced its carbon 
dioxide to such a degree that this no 
longer stimulates the respiratory centre. 
The quickened and deepened breathing 
that spontaneously or automatically takes 
place when danger is anticipated in like 
manner so charges the blood with oxygen 
that, when active muscular exercise imme- 
diately follows, there is no panicky call 
for more air; nor is there any urgent need 
for getting rid of excess carbon dioxide. 
Our forces are, indeed, mobilized. Surface 
stimuli, such as slapping the face, apply- 
ing cold water to the chest or abdomen, 
applying an ammonia bottle to the 
nostrils, or even pricking with a needle, 
are often employed by anaesthetists and 
others to provoke an increased rate of 
breathing in a patient whose respiratory 
centre has become sluggish. 

Blue Blood 

Related to dyspnoea (difficult breathing) 
are certain conditions and symptoms 
which it may be well here to explain. It is 
well known that venous blood is, relative 
to bright red arterial blood, of a bluish or 
purplish colour. This is due to the pres- 
ence in its corpuscles of a quantity of 
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haemoglobin which has given up its 
oxygen, which has been, as it is called, 
reduced. There are many morbid con- 
ditions in which the blood, even in the 
smaller arteries, has this bluish colour. 
This is apt to show itself in certain parts 
of the surface, especially the extremities, 
and also in the mucous membrane lining 
the body’s openings to the exterior- 
mouth, nostrils, and so on. This is the 
condition called cyanosis, caused by the 
presence in the blood of an unusual 
amount of reduced haemoglobin. Anything 
which causes a sluggishness of the circula- 
tion may bring about this result; the 
haemoglobin has given up to the tissues 
the oxygen which it has collected from the 
lungs, but has not been hurried on to the 
veins at a normal pace. Cyanosis indicates 
that there is a shortage of the oxygen 
supply to the tissues. 

Short Breath 

We are now in a position to consider 
some of the many causes that may give 
rise to shortness of breath. The two main 
objects of breathing are to furnish the 
blood with an adequate supply of oxygen 
to meet the requirements of the tissues, 
and to get rid of the excess carbon dioxide 
resulting from the body’s activities. Now, 
the oxygen needs of individuals vary 
according to their size and according to 
the amount of muscular effort they are at 
the time putting forth 

Using up Oxygen 

An average man when not engaged in 
activity needs an intake of oxygen of about 
half a pint a minute. When the same man 
is performing active muscular work, he 
may use up as much as four gallons a 
minute. But the respiratory system is noi 
constructed to recharge the blood with 
oxygen at this pace; a gallon a minute 
being about the limit. That is why 
strenuous muscular effort cannot be long 
continued without breaks. We all know, 
even the healthiest of us, that state of 


affairs when we have been running up a 
hill or digging against time, that makes us 
say “I must have a breather.” During this 
period of temporary overwork, waste pro- 
ducts accumulate and have to be burnt up 
or got rid of later. We have run up an 
oxygen debt, as it has been called, which 
is paid back during the period of deep 
inspirations that always follows excessive 
muscular effort. It was found that in a 
man who ran 225 yards in 23.4 seconds, 
normal quiet breathing did not return 
until twenty-seven minutes after the end 
of the run. The extra oxygen used during 
that period, above that used in the quiet 
state during a similar period, measured 
the amount of the “debt.” The shortness 
of breath just described is, of course, a 
perfectly natural and healthy state of 
things. Without our conscious interven- 
tion, it quickly rectifies itself. It is when 
breathlessness accompanies the ordinary, 
everyday, less strenuous, human activities 
that we think of it as morbid, or indicative 
of some abnormal state of bodily health. 

Excess Carbon Dioxide 

It has been pointed out that the prin- 
cipal stimulus acting on the respiratory 
centre, causing the rate and depth of 
breathing to be increased, is a chemical 
one, namely, any excess of carbon dioxide 
in the blood. So small an excess as one 
five-hundredth of the normal proportion 
of carbon dioxide in the alveolar air will 
increase the ventilation of the lung, that is, 
the rate and depth of breathing, by roo 
per cent. Now, we commonly speak of 
feeling short of breath when the respira- 
tion becomes so difficult, or hurried, as to 
be consciously troublesome. Apart alto- 
gether from the exceptional demand 
temporarily arising from excessive mus- 
cular effort, shortness of breath is experi- 
enced when the blood is unable to get an 
adequate supply of oxygen to the tissues, 
or to get rid of the excess of carbon 
dioxide which it contains. The fault may 
be in the composition of the blood itself, 



BLOOD SUPPLY AND BREATHING 


may arise from some obstruction in the 
breathing passages—nosc, throat, bron- 
chial tubes or air cells — or in some dis- 
order of the heart or of the blood vessels 
hindering the adequate circulation of the 
blood conveying oxygen to the tissues and 
carbon dioxide away from them. The 
respiratory centre itself may be injured 
or diseased, and the results of this injury 
may be more or less serious. 

Although the respiratory centre in the 
brain is normally stimulated by a slight 
excess of carbon dioxide in the blood cir- 
culating through it, a great excess of carbon 
dioxide, or an insufficiency of oxygen, is 
likely to put this important nerve centre 
out of action altogether. The blood’s 
capacity for carrying oxygen is entirely 
limited by the number of healthy red 
corpuscles which it contains. Therefore, 
all forms of anaemia have as one of their 
characteristic symptoms shortness of 
breath. The physical impetus to the 
circulation of the blood is mainly provided 
by the contraction of the heart muscle. 
If this muscle is out of condition, or is in 
any way diseased, the blood does not 
circulate as it should, insufficient oxygen 
reaches the tissues, increased carbon 
dioxide accumulates in the blood, breath- 
ing is quickened, and, in consequence, 
we feel short of breath. 

Colds and Bronchitis 

So, again, if the valves of the heart 
are disorganised, or the walls of the blood 
vessels have lost their elasticity, or there 
is any obstruction of the air passages, this 
inevitably causes dyspnoea. Even a com- 
mon cold makes us rather short of breath; 
so does a quinsy; so do bronchitis and 
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pneumonia. In bronchitis the bronchial 
tubes are more or less blocked with mucus; 
in pneumonia, the finest tubes and the 
air cells in which they terminate may be 
so obstructed as to be put quite out of 
action. In certain other conditions, such 
as asthma, the air passages become spas- 
modically contracted, so that it is only 
laboriously that air can be forced through. 

Percussion of Chest 

By percussion of the chest wall, that is, 
by tapping with one finger on another 
finger laid close to the chest, a doctor can 
determine whether the lung beneath his 
finger is charged with air, or whether it 
has become solidified or surrounded by 
fluid. In the latter cases, a dull note results 
from percussion, as when one lightly taps 
with a hammer on a solid brick wall; when 
the condition is good, the note heard is 
resonant, rather like the pleasant note 
which one hears when striking lightly on 
a hollow wall consisting of an air space 
enclosed by two layers of wood. 

When the lungs are healthy a sort of 
crackling or rustling sound may be heard, 
through a stethoscope or by applying the 
ear to the walls of the chest, over most of 
the area occupied by the lungs during 
inspiration. This sound is apparently 
caused by the dilatation or stretching of 
the smaller air tubes and the air cells at 
the ends of them. Over the larger branches 
of the bronchi, a sharper sound may be 
detected. When the air cells of a part of 
the lung are put out of action, this 
“bronchial breathing,” as it is called, may 
be heard over all the affected parts of the 
lung, including the area occupied by the 
air cells of the smaller tubes. 
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SKIN AND BODY TEMPERATURE 



SKIN UNDER THE MICROSCOPE 

This highly magnified photograph of a section of the skin of the human body shows its complex 
structure and the way in which the hair roots are embedded in it. 


CHAPTER VII 


THE SKIN AND BODY 
TEMPERATURE 

MAINTAINING THE TEMPERATURE OF THE BODY: VARIATIONS IN INTERNAL 
BODILY TEMPERATURE: MUSCULAR ACTIONS AND GLANDULAR ACTIVITY: 
BRAIN DEVELOPMENT AND TEMPERATURE CONTROL: PRODUCTION OF HEAT: 
OUTER SKIN AND TRUE SKIN: SWEAT GLANDS AND SEBACEOUS GLANDS: 
SKIN AS PROTECTIVE COVERING: NAILS AND HAIR : HAIR PIGMENTATION 


The SKIN is looked upon by most people 
as a protective covering for the important 
tissues that make up the body. It certainly 
does afford such a covering or containing 
frame, but it is very much more than this. 
It is itself one of the most important 
organs of the body. If the skin were 
varnished or thickly covered all over with 
oil paint, the internal organs and tissues 
of the body would be still further pro- 
tected — or so it would appear. As a matter 
of fact, any human being thus treated 
would quickly die through the prevention 
of the action of the skin. 

Temperature of the Body 

The most important function of the 
skin is to help to maintain the temperature 
of the blood at a uniform level. Day or 
night, winter or summer, in Central Africa 
or in Lapland, whether he is lying on a 
couch or playing in the Cup Final, the 
temperature of a healthy man’s blood 
seldom varies by more than a degree 
above or below 98 \ degrees Fahrenheit. 
Even in acute fevers, the temperature of 
the body rises but a very few degrees above 
this normal. Human life is impossible out- 
side a very limited range of variation in 
internal bodily temperature. The cells of 
which our bodies are made are tropical or 
hothouse creatures. We may boast as much 
as we like about our indifference to cold 
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and heat, but the living cells of which we 
are an organized conglomerate have no 
such power of adaptation. 

Every activity of any part of our body 
involves production of heat. This is per- 
haps most noticeable in connexion with 
muscular activity. It is said that three- 
quarters of the energy of such activity 
takes the form of heat. This heat must be 
kept under control. So, just as motor car 
engines are provided with radiators in 
order to keep the temperature of the water 
circulating between the parts of the mech- 
anism at a reasonable level, in our bodies 
the skin plays the part of radiator, but of 
a very elaborate kind. Strictly, we cannot 
altogether separate the functions of the 
skin from those of the rest of the body, 
for in ultimate analysis the body is one, 
though composed of many parts. Yet it 
simplifies matters, and makes it easier for 
us to grasp the meaning and relative 
importance of each part if, for the 
moment, we consider it separately. 

Keeping Warm 

We have said that heat is produced by 
every form of bodily activity. On a cold 
day, Nature’s way of making us warm up 
is to cause us to perform the series of 
rapid muscular contractions which we call 
the shivers, or that other series we call 
teeth chattering. Almost instinctively we 
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stamp our feet, move quickly up and 
down, or rub our hands together when we 
feel chilly. All these are examples of heat- 
creating muscular movements. 

When we are unusually active, or when 
the air is unusually warm, there is auto- 
matically an increased flow of blood to the 
vessels of our skin. We all know how 
flushed our skin gets when we are engaged 
in a strenuous job or taking hard physical 
exercise. When muscles are actively en- 
gaged in work, the blood vessels feeding 
them are enlarged, more blood runs 
through them and consequently more 
blood is warmed. It is the same with 
blood vessels supplying active glands, 
which receive a greater supply of blood 
when called on for additional activity. 

Blood Temperature 

The more highly developed animals 
have been divided into two groups, warm 
blooded and cold blooded. All the mam- 
mals, including man, and the birds belong 
to the warm blooded class, whilst fish and 
reptiles are cold blooded. This does not 
mean that the blood of a mammal is 
always hotter than that of a reptile, but 
simply that in a cold environment the 
blood, say, of a fish will be colder than the 
blood of a man. In tropical conditions the 
blood of a reptile is likely to be hotter 
than that of a man. The essential point is 
that the so-called warm blooded animals 
are possessed of a mechanism which en- 
ables them to keep their blood at an 
almost uniform temperature, whereas the 
so-called cold blooded animals have to 
put up with roughly the same temperature 
in their blood as exists in the surrounding 
air or water. That is why many reptiles 
and fishes are utterly dormant and in- 
active during the winter time, their in- 
ternal environment being far too cold for 
any sort of vital activity to take place 
Often they seem dead; but if put in a 
warm environment, most of them soon 
begin to show signs of life and movement. 

The energy - producing capacity of 


various foods is estimated m calories. A 
calorie is really a measure of heat yielded, 
one calorie being the amount of heat 
required to raise the temperature of one 
kilogram of water one degree centigrade. 
It has been estimated that a man of eleven 
stone, resting in bed and taking no food 
for the day, produces about 1,700 calories 
of heat. Of this amount, 1,200 are pro- 
duced in the muscles and 500 by the 
activities of the various glands. In a man 
leading a fairly active lif:, taking the 
normal amount of food, the proportion is 
very different, ninety per cent of the heat 
being produced in the muscles as against 
ten per cent in the glands. In order that 
the body temperature may be kept uni- 
form, it is obvious that a corresponding 
amount of heat must be given out into the 
atmosphere. Some of this heat is lost in 
the warm air we breathe out of our lungs, 
and some in our various warm excretions; 
but the greater part, eighty per cent or 
more, is lost through the skin. 

Both the rate of production of heat and 
the rate of its loss are determined in large 
part by external conditions, especially by 
the temperature and the humidity of the 
air. A warm, moist atmosphere evokes 
from us a much smaller loss of tempera- 
ture than does a dry, cold one; and as we 
all know by experience, it inclines us to a 
much reduced muscular activity. 

Temperature Control 

There is in man a nerve centre which 
acts as a thermostat, issuing immediate 
orders when the temperature is rising 
above or falling below normal. In the 
latter case, it causes motor impulses to be 
sent provoking muscular contractions and 
glandular activity; in the former, messages 
which cause surface blood vessels to en- 
large and, if necessary, the sweat glands 
to pour out their secretions. Alcohol in 
large doses is one of those poisons which 
upset our bodily thermostat. That is why 
drunken men sometimes die from expo- 
sure; they get too cold for the brain cells 
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which regulate their vital activity to keep 
alive. A case is recorded in which the 
temperature of a man in a state of 
alcoholic intoxication fell to 75 degrees 
Fahrenheit. He recovered, but it was 
little less than a miracle. 

The first thing to do for a drunken man 
suffering from exposure is to cover him 
with rugs and put a hot-water bottle near 
his feet. His physiologically reactive 
capacity has, in the matter of heat regula- 
tion, been reduced to that of the prema- 
turely born baby in whom the heat- 
regulating centre has not been fully 
developed. Such an infant has to be kept 
swathed in cotton wool, or placed in an 
incubator until the regulating machinery 
has developed. 

It seems that this incapacity to survive 
internal cold which characterizes most 
birds and mammals is consequent on the 
special development of their brains; for it 
is the temperature-regulating centre in the 
brain cells which cannot continue stag- 
nant and yet live. Fish may be frozen, and 
yet recover if the water is very cautiously 
warmed. Even hibernating mammals can 
on occasion be frozen and yet come to life 
with the first rays of spring sunshine. 
Evidently, their heat-regulating centre 
can be kept alive in cold storage. 

Hibernation 

A hibernating mammal is really a warm 
blooded animal in summer and a cold 
blooded one in winter. It is interesting, 
from an evolutionary point of view, to find 
that the egg-laying marsupials of Austra- 
lia, which are in our conventional hier- 
archy placed immediately below the 
lowest layer of the mammalian strata, 
creatures such as the ornithorhynchus (the 
duck-billed platypus) and the .echidna 
(the spiny ant-eater), possess the power 
of internal temperature regulation, but in 
a much inferior degree to that of the 
mammalia proper. When they are placed 
in a cold atmosphere their temperature is 
much above that of the surrounding air, 
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but it is very far from constant. For 
instance, when the external temperature 
is 40 degrees Fahrenheit the body temper- 
ature of the spiny ant-eater is found to 
be about 75 degrees. When the external 
temperature is 67 degrees, the body 
temperature is about 85 degrees; and when 
the external temperature is 95 degrees, the 
body temperature is almost identical with 
it. A newly born mouse or rabbit is 
practically naked, and its power of tem- 
perature adaptation is almost nil; whereas 
the newly hatched chick is well covered 
with feathers, and its temperature-regu- 
lating mechanism is almost next door to 
perfect. The guinea pig, also, is born 
covered with hair, and, consequently, has 
much more power of resistance to cold 
than has the newly born rabbit. 

Skin and Nerves 

The nervous mechanism of heat regu- 
lation responds to messages sent from the 
skin conveying information as to changes 
of temperature; for it is in the skm that 
the nerve endings sensitive to variations 
in heat and cold almost entirely exist. 
When we feel cold it docs not neces- 
sarily mean that the internal parts of our 
body are any colder than usual. It merely 
means that the surface of our skin is cold. 
This sensation promptly increases the 
tone and activity of the muscles, often so 
pronouncedly as to cause shivering. Our 
mind and inclinations are also affected, 
and we voluntarily increase our muscular 
activity by stamping our feet or walking 
aoout, swinging our arms or rubbing our 
hands, to increase our surface temperature. 

Producing Heat 

When we feel cold, the blood vessels of 
the skin are contracted, when we feel hot, 
they are distended; and it is the less or 
more blood circulating in the neighbour- 
hood of the sensitive nerve endings that 
determines the sensation. When we are 
out of condition, and our muscular tone 
and activity are very low, little heat is 
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produced; we may complain of feeling 
chilly on quite a warm day simply because 
our controlling temperature regulator does 
not think it advisable to order a dilatation 
of the surface blood vessels and so induce 
a loss of the comparatively small amount 
of heat that is being produced. On the 
other hand, on the coldest day in winter, 


near the surface, so that more blood may 
be exposed to the cool air and, by radia- 
tion, conduction and convection, give off 
heat to the air without. Without knowing 
the reason, it was in order to facilitate this 
process of cooling the over-heated blood 
that the man threw off his outer garments. 

In this cooling process, the services of 



Fig. 1. Shin glands , magnified, (a) Section of sweat gland , which consists of a tube with 
many turns and twists : /, Channel by which sweat leaves the gland and reaches surface of 
skin ( lumen or excretory duct); 2, blood vessel; 3, connective tissue, (b) Oil gland {sebaceous 
gland) made up of a number of microscopic pouches , and producing oil to lubricate hair and 
surface of skin. They are most abundant in the hairy parts of the body: i, Contents of oil 
gland , composed of fat cells ; 2, root of hair , enclosed in sheath. 


a man vigorously trenching his garden 
patch may feel so hot that he throws off 
his jacket and waistcoat for comfort. He 
is producing heat at a great pace, and his 
internal thermostat, in order to prevent 
the temperature of the blood from rising 
above the normal, sends messages ordering 
the immediate dilatation of the arteries 


the sweat glands are also requisitioned. 
They are stirred into increased activity, 
and pour out fluid in the form of slightly 
salted water, on to the surface of the skin; 
by the evaporation of this fluid, the skin 
is still further cooled. By the wearing of 
almost impervious garments, we stupidly 
hinder this physiological protective 
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measure. Our sweat evaporates readily 
only when the outside air is but partly 
saturated with moisture. That is why we 
feel so limp and inactive in muggy weather. 
But if the air is cold and dry and we are 
not actively moving, we may unduly tax 
our heat-regulating mechanism. It is only 
thanks to the external aids which clothing 
and fires and houses afford us, that we 
have succeeded in living healthily in lands 
so far away from those sub-tropical regions 
which probably were our primal habitat. 

Structure of Skin 

The skin (Fig. i) is composed of two 
very distinct layers, which, like all other 
parts of the body, are made up of micro- 
scopic cells. The outer or more super- 
ficial part is called the cuticle or epidermis, 
the underneath part or true skin the 
corium. The epidermis is made up of a 
number of layers of flattened cells which, 
unlike most of the cells of the body, are 
not furnished with blood vessels or with 
nerves. The innermost epidermal cells are 
kept moist and are nourished by lymph 
which oozes from the small blood vessels 
in the corium, the moisture and the 
nourishment diminishing as we approach 
the surface. The outermost cells can 
hardly be said to be alive. They become 
dry and firm and almost transparent. They 
constitute the horny flakes that arc con- 
stantly being brushed or rubbed off in the 
course of our work or ablutions. When 
they are gently scraped off, the process 
gives rise to no sensation of pain. The 
epidermal cells generally contain particles 
of pigment, the number and intensive 
colouring of which varies in relation with 
race and climate. 

The under or inner surface of the epi- 
dermis is attached to the outermost layer 
of the corium, or true skin, by a number 
of projections, or papillae, in the latter, 
which fit into minute depressions in the 
cuticle. There are also microscopic tubes 
proceeding from the cuticle to join with 
the ducts of the sweat glands, enabling the 
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secretion of these glands to reach the, 
surface and evaporate into the outer air. 
The corium itself is well furnished with 
both nerves and blood vessels (Figs. 2 and 
3), and, because of the former, it is highly 
sensitive. But for the epidermal covering 
we should be constantly experiencing 
excruciating pain. It is only when a thorn 
or a needle has pierced through our 
cuticle and come into contact with the 
sensitive true skin beneath it that we feel 
anything worthy of the name of pain; up 



Hg. 2. blood supply oj sum. 'Ine ouie? 
skin ( epidermis ) has no blood vessels , but thi 
underneath skin ( corium ) is well supplied 
with them. 1, Capillaries; 2, smallest branche' 
of arteries ( arterioles ); 3, smallest branche » 
of veins ( venules ) 

to that point the sensation is one merely 
of slight pressure, and the sharper the 
needle the less that sensation is likely 
to be felt. 

The corium varies in thickness from 
about one-fiftieth of an inch to one-eighth 
of an inch, being generally thicker on the 
back of the head and trunk than on the 
front. It is much thicker, as is also the 
cuticle, on the soles of the feet and the 
palms of the hands. The more superficial 
of the layers of the corium contain the 
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sensitive endings of the nerves (Fig. 3) 
and the terminal expansions of the small 
blood vessels (Fig. 2). The follicles or 
roots of the hair are embedded in the 
corium, as also are the sebaceous or oil 
glands. At the deepest part of the true 
skin and often extending into the so- 
called subcutaneous tissues, which lie 
directly beneath it, are the sweat glands. 
The size, frequency and importance of 
these may be judged by the fact that there 
are between two and three million of them 
distributed in the human skin. They are 
not, however, distributed evenly, being 
most abundant in the armpits, the groin, 
the palms and the soles. The amount of 
sweat secreted by these glands in a day 
varies enormously. On a hot day, or in a 
hot enclosed space, men engaged in 
strenuous work may pour out quarts of 
sweat. Even in sedentary and cool con- 
ditions, a certain amount of invisible 



Fig. 3. End organs of nerves , highly magni- 
fied. The sensitive endings of the nerves he 
in the second layer of the skin ( the conum or 
true skin). The outer skin ( epidermis ) has to 
be pierced before the nerve ending is affected 
and as a result the sensation of pain is felt 


perspiration is constantly being exuded. 
Sweat consists mainly of water, but con- 
tains m solution a small amount of salt 
and a trifling quantity of organic matter. 

Glands of Skin 

Examined under a microscope, the 
sweat glands (Fig. 1) are found to consist 
of a tube turned and twisted upon itself 
so as to form a kind of wall, from which 
the end of the tube issues in a somewhat 
curved or corkscrew fashion through the 
skin towards the surface of the body. 
The sebaceous or oil glands (Fig. 1) for 
the most part surround the hair follicles 
into which their tubes lead. They are 
most abundant in the hairy parts of the 
body, and their purpose seems to be to 
lubricate the hair and the surface layers 
of the skin. The oily secretion is known 
as sebum or sebaceous secretion. Some- 
times the openings of sebaceous ducts 
become blocked, giving rise to the con- 
dition called acne. The retained material 
may then become infected by germs and 
give rise to tiny pustules or miniature 
abscesses. The sebaceous glands are made 
up of a varying number of microscopic 
saccules or pouches, from which proceed 
tubes opening into a duct leading to the 
hair follicle. These glands have been 
compared in appearance to a bunch of 
grapes on a stem. 

Whilst the most important function of 
the skin is to help to maintain the uniform 
temperature of the body, it serves other 
purposes almost as important. We all 
know the dangers that accompany the 
smallest break in the skin; even the tiniest 
prick can offer an opening through which 
dangerous germs may effect an entry into 
the sensitive tissues beneath. It is only 
thanks td the discoveries of such men as 
Pasteur and Lister that many of the 
operations now performed at our hospitals 
daily can be carried out without serious 
risk of infection. The skin is, in fact, our 
first natural line of protection against the 
hostile unicellular world. It serves also as 




Fig. 4. Nails of the fingers , showing modifications due to disease*. (A) Front view. (B) Side 
view. r, Normal nails ; 2, grooved nails; clubbed nails; 4, spoon-shaped nails. The nails 
are like the outer skin ( the epidermis ), m have no blood vessels and no nerves , and 

are hardly living tissue. That is why they can be cut without either pain or bleeding. The 
nail bed ( matrix ) is part of the true skin , has blood vessels and nerves , and is very sensitive, 


a sort of buffer against minor impacts 
with external forces. We have first of all 
the outside horny insensitive layer and 
behind it an appreciable deposit of fatty 
tissue, both of which in different ways 
prevent minor assaults from disturbing 
the sensitive tissues within. Then again 
the particles of pigment in the epidermal 
cells help to neutralize the harmful effects 
which the sun’s rays might produce if in 
their entirety they penetrated to the deeper 
parts. Only the deeply pigmented races 
have succeeded in establishing a perma- 
nent habitation in tropical countries; and 
we know how continuous exposure to 
sunlight induces in any of us that protec- 
tive freckling or tanning which we show, 
on returning from a short summer holiday 
by the sea or in the open air. 

The nails (Fig. 4) which lie at the ends 
of the dorsal surfaces of the fingers and 
toes are modified growths of the epidermis. 
They have no blood vessels and no 


nerves, at any rate so far as the visible 
part of the nail is concerned. This visible 
or uncovered part is known as the body of 
the nail and is almost lifeless. The back 
of the nail, its root, is normally covered 
by a fold of skin into a groove of which it 
fits. The nails are four sided, slightly 
curved bodies closely adherent to the nail 
beds on which they rest. The nail beds 
arc parts of the corium or true skin; they 
are well supplied with blood and very 
sensitive. The innermost layer of the nail, 
as also the root, is much softer and less 
horny than is the superficially exposed nail. 

The Nail Bed 

The nail bed is called the matrix, and 
it is from the matrix and from the root 
that the nail itself is generated. As fresh 
cells are produced beneath and behind it, 
the nail is urged forward, so that it extends 
beyond the ends of the fleshy parts of the 
finger or toe. The projecting claws of 
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SKIN OF THE LIPS 

The microscope shows clearly how the outer layer of surface skin cells protect the living tissue 
beneath. As the outer skin has no nerves or blood vessels , we do not feel pain or bleed unless 
it is penetrated, and contact is made with the true skin. 


wild animals are helpful in the hunt for 
food. Civilized man finds it necessary to 
cut these projecting portions. The matrix 
is thickly covered with small projections 
or papillae. These are mostly arranged in 
long rows, forming ridges which are 
clearly manifest through the almost trans- 
parent nails. The cuticle of the front of 
the fingers and of the bottom of the toes 
becomes continuous with the under sur- 
face of the nail just short of its extremity 
or free edge. When a nail is removed, 
either by suppuration or by physical 
violence, a new nail is formed so long as 
the matrix is not removed or diseased. A 


finger-nail takes about three or four 
months to re-grow, whilst a toe-nail may 
take as much as a year. 

Hairs (Fig. 5), like nails, are outgrowths 
of the skin, of the outer layer of which 
they are modifications. The principal pur* 
pose which animal hair serves is the con- 
servation of bodily warmth. The hair on 
the average human body can, of course, 
do very little in this respect, and is prob- 
ably to be regarded as' a mere survival 
from earlier stages in the history of our 
evolutionary progress. 

A hair consists of a stem of varying 
length, and of a root. The root is a sort 
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of bulbous enlargement of the end of the 
stem, and lies at the bottom of a sort of 
pocket formed by the intuming of the 
cuticle, which thus forms the lining of the 
depression, or hair socket. At the lowest 
part of the socket, or follicle, as it is some- 
times called, the cavity dilates to corres- 
pond with the enlargement of the root of 
the hair, which it surrounds. The root of 
the hair is intimately connected with the 
follicle at its base and, as this is generously 
furnished with blood vessels, it serves as 
the means whereby the hair is nourished 
and enabled to grow. The stem of the 
hair, however, contains no blood vessels 
and, except possibly for a short distance 
from the root, can hardly be said to be 
nourished at all. It is insensitive, and can 
be cut without causing pain. 

The hair stem is composed principally 
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of a tough, fibrous substance sometimes 
covered with a coating of finely imbricated 
scales. In some animals, these scales are 
very prominent and serve important pro- 
tective purposes. The colour of hair is due 
to the presence of patches of granules of 
pigment distributed in the fibrous sub- 
stance of the stem. This pigment is 
identical with that in the skin itself; and, 
apparently, differs only in amount and 
disposition in the skin of the negro and 
in that of the Northern European. 
Attached to the sides of the hair follicle 
are small muscles which pass down 
obliquely from the outer part of the true 
skin. When these muscles contract, the 
hair becomes more or less erect, and the 
effect called goose skin is produced. It is 
well known that cold often causes these 
muscles to contract, the more or less 



Fig. 5. Hair, {A) Section through the skin , showing hair and its roots. The root lies in a 
pocket formed by an inturning of the outer skin ( hair socket or follicle ). At the base of the 
sockety the cavity is enlarged to accommodate the root of the hair, (b) Cross section of one- 
half of a human hair. The stem is composed principally of a tough fibrous substance , with 
an outer coating The hair's colouring is derived from patches of pigment in the stem 
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erect hair helping to conserve the heat of 
the body. This is particularly obvious in 
the feathers of birds in winter time. Open- 
ing into the hair follicles are the ducts of 
tiny glands to which reference has already 
been made — the sebaceous or oil glands. 
The secretion of these glands serves to 
keep the hair from becoming too dry, and 
also slightly oils the surface of the skin 
thus keeping it in a healthy condition. 

As people get older, the power to pro- 
duce pigment at the roots of the hairs is 
often lost, and consequently the hair 
becomes increasingly grey. The further 


change of the hair from grey to white is 
due to little air lacunae in the fibrous 
substance of the hair shafts. Seen by 
transmitted light, white hair may appear 
dark, but it becomes brilliantly white 
when viewed by reflected light. 

Seeing that the only vital part of the 
hair is at its root, deeply embedded in the 
skin, it is obvious that external applica- 
tions can make but little difference to its 
healthy growth. Only in so far as by 
friction or other means can an improved 
circulation be promoted in the skin itself, 
and much good likely to be effected. 



SKIN AND HAIR 

Notice the hair lying in the socket or follicle, and the enlargement at the root The connexion 
of the root with the follicle provider the hair's nourishment . 
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THE NERVOUS SYSTEM 

FUNCTION OF NERVOUS SYSTEM: PRIMITIVE NERVOUS MECHANISMS 
DEVELOPMENT OF BRAIN: CONSTRUCTION OF NERVE CELLS: PARTS OF 
BRAIN: NERVES OF HEAD: MEMBRANES ENCLOSING BRAIN AND SPINAL 
CORD: COMPOSITION OF SPINAL CORD: REFLEX ACTION: SENSORY AND 
MOTOR NERVES: END ORGANS OF NERVES: SPINAL NERVES AND THEIR 
PLEXUSES: SYMPATHETIC AND PARASYMPATHETIC SYSTEMS 


If we are to understand even the 
elementary principles of the workings of 
the human body, we must have a clear 
idea of the interrelations between the 
mind of man and the organs with which 
its functioning is most closely associated, 
and also between these and other pheno- 
mena of bodily life. 

Function of Nerves 

Though nerves are found in all the 
higher animals, they are not essential to 
life, not even to that of fairly elaborately 
organized living things. Plants have no 
nerves, and apparently no corresponding 
structures. Yet between root and stem, 
leaf and flower and fruit, there is a 
constant harmonious interplay, the break- 
down of which spells disaster, and may 
lead to death. 

If we are to think of life and mind as 
identical, or even as essentially coincident, 
we shall have to interpret “mind” in a much 
wider and vaguer way than is customary. 
We have no knowledge nor experience of 
mind that is not related to the existence 
and functioning of some sort of brain and 
nervous organization. 

Most of us find it virtually impossible 
to picture any real connexion between a 
material structure like a nerve cell or a 
brain and a conscious thought or sensa- 
tion. It is this phenomenon of conscious- 
ness which refuses to fit in with a purely 


mechanistic view ol man. Even of the 
mechanical organization whereby the 
mind operates on and communicates with 
our bodily environment, comparatively 
little is known. 

The crude anatomical facts are these 
The nervous system; like the rest of the 
body, is composed of microscopic units 
called cells. They are highly specialized 
cells, distinct from all others in appear- 
ance and function. Proceeding from them 
are fibres, some of which run to a length 
of several feet. Bundles of these fibres 
make up the white cords which we know 
as nerves. The sciatic nerve, which is \ he 
largest in the body, is as big as a little 
finger; it consists of millions of micro- 
scopic fibres, each connected with the 
particular nerve cell from which it sprang. 
These nerve fibres extend from the cells 
collected in the brain and spinal cord — 
together spoken of as the central nervous 
system — to practically every tissue in the 
whole of the body. 

Nerve Fibres 

One set of fibres, known as sensory 
nerves, is used for conveying messages 
inward to the centre; others, called motor 
nerves, convey messages from the centre 
to the muscles and glands, causing these 
to function The fibres themselves are all 
of a kind; like telegraph wires, they carry 
one message as well as another, so that, 
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Fig. i. Primitive type of nervous system 
The sensory cells on the surface have fine 
branches on their inner side , which form a 
network containing nerve cells. 

for example, the fibres of the optic nerve, 
if it were possible to change their terminal 
connexions, would just as readily convey 
the stimulus which we interpret as sound 
as now they transmit the stimulus we 
interpret as light. 

It is the terminal connexions that art 
differentiated. The receptive terminus in 
the retina of the eye, for instance, is no 1 
stirred into activity by the vibrations which 
give rise to sound, whilst the centra ; 
terminus of the optic nerve interprets as 
light every stimulus of that nerve, whethei 
it be caused by vibrations in the ether 
or by a blow with a fist. 

Some animals are too simply constructed 
to need a nervous system. The amoeba, 
being composed of a single cell, responds 
to a stimulus unreservedly with its whole 
being. The protoplasm of which it con- 


sists is irritable: it has the power of 
reacting to a stimulus. It also has the 
power of conducting an impulse so that 
the whole animal is affected by a stimulus 
which may be applied to only a minute 
part of its surface. 

The properties of irritability and con- 
ductivity are common to all living tissue, 
but are more highly developed in nervous 
tissue than in any other kind. As we move 
higher in the animal scale we find in- 
creasingly that cells take on special tasks, 
and consequently become differentiated 
from each other. In the sea anemone, for 
example, some of the cells have formed 
a layer of cuticle which protects the 
underlying tissues, while others have 
become capable of contracting and with- 
drawing the animal out of danger, thus 
behaving as if they were primitive muscle 
fibres. The sea anemone has no true 
nervous system but its bodily mechanism 
foreshadows one. 

A little higher in the evolutionary scale 
we find animals in which the sensory cells 
on the surface have developed fine 
branches on their inner side, and these 
branches form a network beneath the 
cuticle; nerve cells appear in this network 
and contribute additional branches to it 
(Fig. i). This arrangement is present 
in the jelly fish. It shows all the essential 
components of a nervous system, in- 
cluding sensory nerve cells to receive 
impressions from outside, motor nerve 



Fig. 2. Beginning of development of human embryo. When the ovum divides after fertiliza- 
tion, it forms two hollow spheres of cells , which are in contact with each other. Where they 
touch is a mal 1 disc-shaped area . called the embryonic plate , from which the child develops. 
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Fig. 3. Diagram showing development of nervous system in the embryo. /, A smalt groove 
appears on the upper surface of the developing embryo. This rapidly becomes deeper , and 
the skin cells multiply until they roof over the groove converting it into (j) the neural tube 


cells to transmit the messages to muscles 
in other parts of the animal, and muscle 
cells themselves which, though they can- 
not be regarded as part of the nervous 
system, are the final link in the chain of 
nerve action without which the rest would 
be pointless. 

In the higher animals the body is so 
large and complex that long lines of 
communications are needed, not only to 
bring the animal into harmonious relation- 
ship with the outside world but to keep 
each part of the body in touch with the 
other parts. These long lines of com- 
munication are centralized in the nerves, 
spinal cord and brain. 

In vertebrate animals the front end of 
the nerve cord becomes enlarged to form 
a brain. The motor cells lie within the 
brain and spinal cord, and the sensory 
cells outside it. The latter, however, no 
longer lie on the surface of the animal, 
but have migrated inwards to a position 
of greater safety. They maintain com- 
munication with the outside world by 
sending one nerve fibre to the skin and a 


second into the central nerve cord. In 
man, the sensory cells have migrated so 
far from the surface of the body that they 
lie just outside the spinal cord in groups 
or clusters situated on the spinal nerves; 
these clusters of cells are called the dorsal 
root ganglia. 

When the human ovum begins to 
divide, after fertilization, it quickly forms 
two hollow spheres of cells which are in 
contact with each other; where they touch 
is a small flat area of cells shaped like a 
disc. This disc is called the embryonic 
plate (Fig. 2), and the whole child 
develops from it. At an early stage in the 
process, a groove forms upon the upper 
surface of the developing embryo and 
rapidly becomes deeper; the skin cells at 
either side of the groove multiply until 
they roof it over, thus converting it into 
a tube, called the neural tube (Fig. 3). 
From this tube the brain and nervous 
system develop. 

The front part of the tube, which is to 
form the brain, grows particularly quickly, 
and soon enlarges into three bulbous 
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fig. 4 . Development of the brain from the 
neural tube . The brain is an enlargement of 
the front end of the neural tube , which rapidly 
grows into three bulb-shaped swellings: 1 , 
Forebrain ; e, midbram: j, hindbrain. 

swellings, the forebrain, the midbrain and 
the hindbrain (Fig. 4). These three 
swellings go on increasing in size until 
the growing brain becomes bent upon 
itself in a number of folds. 

At the front of the forebrain, on either 
side, a stalked club-shaped swelling now 
appears. Soon the club becomes folded in 


upon itself to form a cup. The optic cup 
(Fig. 5), as it is called, develops into the 
retina of the eye, and the stalk joining it 
to the brain becomes the optic nerve. At 
the same time an indentation appears in 
the skin of the embryo at either side of 
the head and soon becomes deeper, form- 
ing a hollow depression,* surrounding cells 
grow over it and roof it in, just as the 
neighbouring cells roofed in the neural 
tube. From the little cluster of skin cells 
thus cut off from the surface, the lens of 
the eye develops and finds its way into 
the optic cup which has budded out from 
the developing brain. 

Meanwhile the brain has been growing 
more complex (Fig. 6). Swellings appear 
at either side of the forebrain, and these 
rapidly enlarge to form the main part of 
the human brain, the cerebral hemi- 
spheres (Fig. 6). The original neural tube 
was a hollow structure, and the brain and 
spinal cord are also hollow; the cavity of 
the old neural tube persists in the cerebral 
hemispheres as two cavities, the lateral 
ventricles, which are continuous below 
with a third ventricle. The third ventricle 
lies between two large and important 
masses of nerve cells which develop at the 
base of the forebrain, called the thalami. 



Fig. 5* Formation of eye. A swelling of the forebrain folds in on itself to form the optic 
cup ( which becomes the retina) and a deepening indentation of skin becomes the lens. 





Hg. 6. Development of brain, (a) Forebram. (b) Midbram. (c) Hindbrain. In tht 
,° re j[ am d ‘ vel °P s: The maln pan of the human brain, the cerebral hemispheres. In th> 
hindbrain develops, c, the cerebellum and 3, the medulla oblongata, which connects the bran, 
with 4, the spina / cord. The midbrain remains fairly small. 

I he midbram remains fairly small; it hindbrain constitutes the medulla oblon 

consists mainly of a large stalk of nerve gata, which is continuous below with the 

tissue, branching into two above, and spinal cord. 

connecting the two cerebral hemispheres The medulla oblongata is much more 
with the hindbrain. A passage runs important than its small size might sug- 

through the midbrain, a tiny canal which gest; in it lie the nervous centres govern 

is called the aqueduct of Sylvius, and ing such vital functions as the heart beat 

connects the third ventricle, which lies and the automatic process of breathing 

in the forebrain, with the fourth ventricle Injury to it causes instant death. It rests 
lying in the hindbrain. on the occipital bone (see Chapter I) and 

From the hindbrain a number of un- projects through into the first part of 

portant structures have deVeloped. Its the spinal canal. The odontoid process of 

upper part forms the pons (Fig. 7), a the second vertebra (the axis) lies in close 

broad bridge of nerve fibres running relationship to it. Humane killers, used 

transversely to connect the two hemi- by butchers and veterinary surgeons, are 

spheres of the cerebellum which have designed to project a bolt or bullet 

budded out above. The lower part of the straight into the medulla oblongata, so 
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that the animal is slaughtered instantly 
and without pain. 

Below the medulla oblongata the 
original neural tube develops into the 
* spinal cord, lying in the spinal canal 
formed by the vertebra. The cavity of the 
original neural tube persists as a small 
central canal running through the middle 
of the cord. 

The brain and spinal cord is composed 
of neurons embedded in a supporting 


bodies (Fig. 9 ). These bodies are more 
numerous in resting nerve cells; they dis- 
appear or become much reduced in 
number after prolonged physical exertion. 
Mental exertion appears to have no effect 
. on them one way or the other. 

Each nerve cell gives off protoplasmic 
branches, one of which, called the axon 
(Fig. 9)? is long and, for the greater part 
of its length, unbranched, while the 
others, called dendrites, are short and 


Cerebrum 


Cerebellum 



Mid bra in 


Medulla Oblomjdta 


wring of two hemispheres. ^T^Zdbraifrmams' small % “T?" 1 ’ the Mebra m> con ■ 
connected with the ear. The hindbrain de^ln* • u ’■? mc uc ^ es: ^ system of nerves 
two hemispheres of the cerebellum , and themedllla oblonflta^h' connect ™g the 
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branch freely. The axons of the nerve 
cells are identical with the nerve fibres 


tissue called neuroglia. Each neuron con- 
sists of a nerve cell together with the 
fibre to which it gives rise. Impulses travel 
through the nervous system from neuron 
to neuron, and in this way long lines of 
communication are laid down. Like every 
other cell, the nerve cell consists 
or protoplasm and has a central mass, the 
nucleus (Fig. 8 ). Other bodies exist in the 
nerve cell; fine granules usually packed 
together in dense clumps, known as Nissl 


utivc uores 

mentioned already; the terms axon and 
nerve fibre are interchangeable. 

The nerve fibres develop special sheaths 
which give them a white and glistening 
appearance. Each axon becomes coated by 
a relatively thick layer of fatty material 
called myelin; enclosing this again is a 
thin membrane, the neurilemma. The 
neurilemma is constricted at intervals, so 
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Fig. 8 . Composition of nerve cell. The nerve cell is made up 
of protoplasm, and has a central mass, the nucleus. The cell 
communicates with other cells by means of the nerve fibre (axon). 
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ling through the nervous 
system enter by way of 
the dendrites and pass 
through the cell body and 
down the axon or fibre. 
The axon ends in a brush 
of tiny fibrils which seem 
to be interlaced with the 
dendrites of the next 
neuron in the chain. 
Although the end of the 
axon is in such close con- 
tact with the dendrites of 
the next cell it does not 
join; every neuron in 
the nervous system is 
separate from every other. 


that the nerve fibre in its 
sheath looks something 
like a string of sausages. 
Each sausage, that is to 
say, each portion of a 
fibre between two con- 
strictions, has a flattened 
nucleus, derived from the 
neurilemma, lying just 
outside the myelin sheath. 
The fatty myelin is re- 
sponsible for the white 
glistening appearance of 
the fibre, and all the 
“white matter” of the 
brain and spinal cord is 
made up of fibres (axons) 
encased in this way. The 
“grey matter” is made up 
of clusters of nerve cells. 

Some axons measure as 
much as three feet; nerve 
fibres running from the 
spinal cord to the sole of 
the foot, for example, may 
reach this length. Others 
are short, acting as con- 
nexions between nerve 
cells lying near each other 
in the central nervous 
system. Messages travel- 



Fig. 9. (Left) Nerve cell and branches (neuron): 1, Nucleus 
2, axon: 3 , smaller branches (dendrites); 4, fine granules (Nissl 
bodies); 5, fatty sheath (myelin); 6, muscle. (Right) Axon , 
magnified: 7, Nerve fibre; 8 , myelin; 9, thick membrane 
coating (neurilemma); 10 , nucleus of neurilemma . 
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The place where the axon of one cell 
comes into contact with the dendrites of 
another is called a synapse (Fig. 10). We 
do not know exactly how a message is 
transmitted across a synapse, but we are 
certain that it can pass in one direction 
only; the synapse will not allow a message 
to travel backwards from the dendrites of 
one cell to the axon of another. This 
peculiarity of nerve conduction in verte- 
brate animals is sometimes called the law 
of forward direction, and is a far cry from 
the diffuse conduction in the nervous 
system of the jelly fish, where a message 
spreads in all directions almost like ink 
on blotting paper. 

Before leaving the study of nerve cells 
a word must be said about the neuroglia, 
the tissue which supports the cells and 
fibres of the central nervous system. 

( Neuroglia cells (Fig. n) are unlike 
ordinary nerve cells in that they have no 

1 axon but innumerable fine hairy branches 
which give them the look of a spider; 
these branches thrust thickly in all 
directions between the neurons and form 
a thick, felt-like supporting network in 
which the nerve cells and their fibres are 
securely embedded. 


The brain of man differs from that of 
other animals chiefly in the greater 
development of the cerebral hemispheres. 
These are fused together below and 
consist essentially of a surface layer of 
grey matter, called the cerebral cortex 
(Fig. 12), and a central core of white 
matter, composed of fibres running up- 
wards to the cortex from the spinal cord, 
fibres running downward to the spinal 
cord from the cortex, fibres connecting 
different parts of the cortex with each 
other (association fibres), and fibres con- 
necting the two hemispheres with each 
other across the middle line (commissural 
fibres). The cerebral cortex is the great 
controlling exchange in the telephone 
system connected by millions of wires 
(fibres) with all the other exchanges (local 
groups of nerve_cefls_pr^gangh£) in the 
system, and through them witFevery part 
of the body; it is the region of conscious- 
ness. All the work of conscious feeling 
and thinking is carried on, we believe, by 
the mass of grey cells covering the sur- 
face of the cerebral hemispheres. In man 
the cortex is so abundant that it is thrown 
into folds, called convolutions, which are 
divided from each other by deep grooves 



Fig. 10. Communication between nerves. The point where the main branch (axon) of 
one neuron joins the smaller branches (< dendrites ) of the next is the synapse. 
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Fig. 11. Tissue supporting cells and fibres of the nervous system ( neuroglia cells). (A) Single 
cell, (b) Combined cells. The neuroglia cells have no axon , but form a thick supporting 
network in which the nerve cells and fibre s are securely embedded. 


or fissures. Some of thesi 
distinct to have received 
and to serve as landmarks 1 
cortex can be mapped out ii 



e sufficiently 
irate names 
flvhich the 
is. One 


such is the fissure of Sylviu^^^. 12), a 
deep horizontal cleft at the side of each 
hemisphere. The portion of the brain 
below this fissure is called the temporal 
lobe, and is con- 
cerned with the j Fissure of 
senses of hearing, ! Rolandg, 
smell and taste; 
messages from the 
ear, nose and tongue '-Mk, 
are carried into the 
brain by special 
nerves and are re-tofs 
layed on to the tem-^J* 
poral cortex where 



they enter con- 
sciousness (Fig. 13). 

The fissure of 
Rolando (Fig. 12) 
divides the frontal 
lobe from the parie- 


Fig. 12. * Surface layer of the cerebral hemi- 
sphere {cerebral cortex ), the great controlling 
centre of the nervous system. 1 , Section neat 
the temple ( temporal lobe); section near 
forehead ( frontal lobe); j, section near top 
of skull {parietal lobe); 4 > section near back 
of head ( occipital lobe) 


tal lobe. Ai either side of this fissure is an 
important convolution or fold of grey 
matter. The convolution lying behind the 
fissure contains the cells to which messages 
from the sensory nerves of the body are 
finally brought, and is known as the sen- 
sory cortex; in front of the fissure is the 
motor cortex, made up of large nerve cells 
which send out 
messages to the 
muscles of the body. 
These two convolu- 
tions are connected 
with each other by 
association fibres, 
so that a message 
reaching the sen- 
sory area from, say, 
the great toe, is 
relayed to the motor 
area, whence a 
message is then senL 
out to the app^p-’ 
priate group , o£ 
muscles. 


Fissure of 
ius 
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Fig. 13. Cerebral cortex , showing areas with 
which the nerves running to the brain from 
the special sense organs are connected. 


The muscles thrown into action will 
vary with the nature of the stimulus to 
the toe. The owner of the foot may 
withdraw it, or kick out, or bend down 
to scratch it, or merely frown if the sen- 
sation was unpleasant or smile if it was 
pleasant. Which of these actions he per- 
forms will depend upon conscious deliber- 
ation, and it may be that such deliberation, 
as well as other forms of mental and 
emotional activity, is carried on by the 
cells in the frontal lobes of the brain. 
Recent work suggests that intelligence 
probably depends on the cortex as a whole, 
and that the frontal lobes, being rich in 
association fibres, contribute to general 
intelligence by connecting up the mess- 
ages which are continually travelling from 
one part of the cortex to another. 

The parietal lobe (Fig 12), lying behind 
the frontal lobe, forms a wedge-shaped 
segment in each hemisphere and is 



Fig. 14. Interior section of the cerebral 
cortex ( island oj Reil). This section of the 
brain is completely overlapped by the frontal 
and temporal lobes. 


divided from the occipital lobe at the back 
by the parieto-occipita! fissure. The occi- 
pital lobe receives the messages carried 
into the brain by the optic nerve and is 
concerned with sight: the grey matter in 
this region is called the visual cortex. 

In addition to these four lobes there is 
a fifth, so hidden away as to be invisible 
on the surface of the brain. This is called 
the island of Reil (Fig. 14); it lies at the 
bottom of the fissure of Sylvius and is 
completely overlapped by the frontal and 
temporal lobes. 

The hemispheres are separated from 
each other by a deep cleft, at the bottom 
of which a thick band of fibres, the corpus 



Fig. 15. Area oj brain governing speech 
and writing ( Broca's area). This usually lies 
on the left side of the brain and is the only 
part of the brain which is unpaired. 

callosum (Fig. 16), connects the two 
halves. Messages reaching one hemi- 
sphere are quickly communicated to the 
other side of the brain by means of this 
connecting band of fibres, and thus our 
actions are governed by the brain as a 
whole. All the structures in the left 
hemisphere are repeated in the right hemi- 
sphere, with one exception: the centre 
governing speech and writing appears only 
on the left side of the brain. It occupies an 
area of cortex at the tip of the temporal 
lobe and the lower part of the frontal 
lobe, known as Broca’s area (Fig. 15). 

It is interesting to find that this latest 
acquirement of the mammalian brain, this 
piece of cortex responsible for the gifts of 
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speech and writing which is peculiar to 
man alone, should be unpaired, while 
every other structure is present on both 
sides. It seems to be associated with right 
handedness, for in left-handed people 
Eroca’s area is found in the right side of 
the brain instead of the left. For this 
reason, a child who is naturally left handed 
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So far we have considered only the 
surface of the brain, the layer of grey cells 
making up the cerebral cortex, which can 
be regarded as the central exchange in 
the body’s telephone system. Scattered 
through the brain and spinal cord are 
other clusters of cells which act as relay 
stations similar to the smallest exchanges 


4 i 



5 >s 

7u 

(sCfc: 


3 

V -t.vi.tu oL, 


Of pam, hea cold and touch {thalamus); 7 , channel through which pass fibres 
between cortex and spinal cord {internal capsule). 

in a telephone service. Each of these 
groups or clusters of cells is called a 
ganghop. Two important ganglia are to 
betound embedded in each hemisphere 
near its base; they are appropriately called 
the basal ganglia (Fig. 16). 

Neither of the cerebral hemispheres is 
completely solid; each of them con- 
tains a cavity, the remains of the ™;t. 


should not be forced to use his right hand, 
■ven for writing; the centre governing his 
speech and writing is the right side of his 
brain, and has more natural control over 
bis left hand than his right. Children who 
tre forced to use their right hands against 
heir natural bent may experience such 
confusion in the speech centre that they 
> ten develop a pronounced stammer. 
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tig. 17. Section oj the brain. 1, Lower portion oj hindbrain , j arming connexion with 
spinal cord {medulla oblongata); 2, part of hindbrain {cerebellum); 3, nerves forming bridge 
between parts of cerebellum {pons); 4 and 5, cavities {fourth and third ventricles); 6, nerves 
connected with muscular tone {corpus callosum); 7, gland concerned with growth {pituitary), 
8 , remains of what, in some of our prehistoric ancestors, was a third eye {pineal body). 

of the original neural tube, called the line near the base of the hemispheres, and 

lateral ventricle. The two lateral ventricles divided from each other by the cavity ot 

open below into a third ventricle, a mere the third* ventricle. A second mass of 

slit lying between the bases of the two grey matter, the corpus striatum (Fig. 16), 

hemispheres; the walls of this slit are lies to the outer side of each thalamus, 

formed by the two most important basal separated from it by a band of white 

ganglia, the thalami (Fig. 16). matter called the internal capsule. All 

The thalami are paired masses of grey the fibres running up to the cortex from 

matter lying one on each side of the mid- the spinal cord, and all the fibres down 



muscular tone 

to the spinal cord from the cortex have 
to pass through the internal capsule, 
which is thus like a bottleneck through 
which two lines of traffic must pass. 

The second of the basal ganglia, the 
corpus striatum (Fig. 16), is a tadpole- 
shaped mass of grey matter lying on the 
outer side of the thalamus at the base of 
each cerebral hemisphere. It is connected 
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by fibres with the cortex, the thalamus, 
the cerebellum and the spinal cord; its 
business is to maintain a slight state of 
tension in the muscles which is known as 
muscle tone. A healthy muscle is not 
lax and flabby but firm and springy; when 
it contracts it does not have to take up 
any slack, but is ready to contract at once 
The thalamus, like the corpus striatum. 
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is connected with other parts of the brain 
and spinal cord, but it is interesting chiefly 
because all fibres carrying messages to do 
with pain, heat, cold and touch enter it 
on their way to the cortex, and some of 
them end there. This means that the 
messages they carry actually enter con- 
sciousness at that level: we feel with our 
thalami. In some of the lower animals the 
thalamus is the chief region of sensation; 
in such creatures the cortex is insufficiently 
developed to make it possible for them to 
receive more delicate sensory impressions. 

Feeling Pain 

Through the thalamus we experience 
crude sensations of pain, sensations of 
extreme heat or cold and sensations of 
rough touch. Finer sensations of moderate 
degrees of temperature and light touch 
are relayed on to the cortex and experi- 
enced there. The thalamus may thus be 
regarded as a sort of subsidiary exchange 
for the sensory cortex; relatively unim- 
portant messages are handled by it, but 
messages requiring special attention are 
forwarded to the higher exchange. 

Before leaving the region of the third 
ventricle we may as well note an odd 
structure projecting from its posterior 
end. It will be recalled that the third 
ventricle is a narrow slit lying near the 
base of the cerebral hemispheres and 
separating the two thalami from each 
other. At the posterior end of this slit a 
small nodule of grey matter projects back- 
wards and overhangs the corpora quad- 
rigemina of the midbrain. This is the 
pineal body (Fig. 17); it represents all 
that remains to us of a third eye which 
used to adorn the forehead of some of our 
lizard ancestors in far-off times. So far as 
is known it serves no useful purpose now 

Brain’s Under-surface 

The basal ganglia, as their name implies, 
lie near the floor of the brain, but there 
is room beneath them for a few more little 
masses of grey matter which recent in- 


vestigation has shown to be important. 
Let us now examine the under surface of 
the brain (Fig. 18) which lies in contact* 
with the bony floor of the skull. 

First, we shall see the under surface of 
most of the structures which we have seen 
already, the frontal lobes of the cerebral 
hemispheres, the two temporal lobes, and 
the cerebral peduncles. We cannot see the 
under surface of the occipital lobes because 
they are concealed by the hindbrain, that 
is, by the pons, the medulla oblongata 
and the cerebellum. 

Twelve pairs of nerves (Figs. 18 and 19) 
spring from the under surface of the 
brain. These are the cranial nerves. Some 
are motor, some sensory and some mixed, 
that is, composed of both motor and 
sensory fibres. For the most part they 
supply the head and neck, but some leave 
the skull and travel far afield to supply 
distant organs. They are named:— 

1. Olfactory, or 7. Facial. 

nerve of smell. 8. Auditory, or nerve . 

2. Optic, or nerve of hearing. 

of sight. 9. Glossopharyngeal. 

3. Oculomotor. 10. Vagus. 

4. T rochlear. 1 1 . Spinal Accessory. 

5. Trigeminal. 12. Hypoglossal, or 

6. Abducent. nerve of tongue. 

Cranial Nerves 

The olfactory nerves are purely sensory. 
They lie on the under surface of the 
frontal lobes as two long bands, the 
olfactory tracts, each ending in a club- 
shaped swelling, the bulb. Sensory fibres 
leave the lining of the nose and make their 
way into the skull through the tiny holes 
in the cribriform plate of the ethmoid 
bone ( see Chapter I), enter the olfactory 
bulbs, and run by way of the tracts into 
the brain, where they finally travel to the 
cortex of the temporal lobe. Thus the 
sense of smell is experienced in the part 
of the temporal lobe of the brain con- 
cerned with smell. 

The two optic nerves run towards the 
brain but fuse with each other before they 
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get there; immediately after fusing they ance inwards to the brain. The ninth, the 
divide again to form the optic tracts, glossopharyngeal, nerves, are mixed; 

which enter the brain substance and they supply the muscles of the pharynx 

finally end in the visual cortex of the and some of the muscles of the tongue, and 
occipital lobes. The X-shaped junction also carry taste fibres from the tongue, 
formed by the two optic nerves is called being especially useful in conveying the 
the optic chiasma. taste of bitter things. 

The third, fourth and sixth nerves (the The tenth nerves, the vagi or wanderers, 
oculomotor, trochlear and abducent) are are intensely interesting; they are mixed 
all motor nerves supplying the little nerves which send branches to the 

muscles which are used in moving the larynx, pharynx, heart, lungs, stomach 

eyeballs to and fro. and intestines, and help to regulate the 

The fifth (trigeminal) nerves are mixed actions of all these organs, 
and have a great deal of work to do; their The eleventh or spinal accessory nerves 
sensory fibres supply the skin of the eye- are motor nerves to some of the neck 


lids, and the sides of the 
nose, cheeks and temples, 
as well as the teeth; they 
also send taste branches 
to the tongue. T o say they 
send branches is, of 
course, only a convenient 
way of putting it ; we 
must always bear in mind 
that sensory fibres run 
inwards to the brain and 
motor fibres outwards to 
muscles and glands. The 
motor fibres of the tri- 
geminal nerves supply the 
muscles of mastication. 

The muscles of expres- 
sion, which are constantly 
active during waking 
hours, are supplied by the 
seventh or facial nerves. 
If one of these nerves is 
paralysed the whole side 
of the face droops, the 
eyelids cannot close pro- 
perly, and when the 
patient tries to smile, his 
mouth is pulled over in a 
one-sided grimace. 

The eighth or auditory 
nerves are purely sensory; 
they carry not only mess- 
ages of hearing but mess- 
ages concerned with bal- 



Fig. 19. The twelve pairs of nerves of the head (< cranial 
nerves.) 2, Nerves of smell {olfactory); 2 , nerves of sight 
{optic); 3 Junction of sight nerves {optic chiasma); 4 , 5 and 7, 
nerves of eyeball muscles (< oculomotor , trochlear and abducent); 
6 , nerves of eyelids , nose, cheeks , teeth {trigeminal); 8 , nerve 
of face {facial); 9, nerve of ear {auditory); 10 , nerve of tongue 
and throat (, glossopharyngeal ); u, nerve of throat , heart , 
lungs , stomach {vagus); 12 , nerve of neck muscles ( accessory ); 
13, 15 and 16, parts of brain {pons, medulla oblongata and 
cerebral peduncle ); 14 , nerve of tongue muscles (hv^naln^r 
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muscles; the twelfth or hypoglossal peduncles, uniting below, and connecting 
supplies the muscles under the tongue, the cerebral hemispheres with the hind- 
which help to raise the larynx in the brain; these stalks are made up of bundles 
process of swallowing, and also sends of sensory fibres running up from the cord 
branches to the muscular tissue of the and motor fibres running down from the 
tongue itself. hemispheres. A tiny canal,- the aqueduct 

One more important structure must be of Sylvius (Fig. 20), pierces the midbrain, 
noted before we leave the base of the and connects the third ventricle above 
brain. Just behind the optic chiasma is a with the fourth ventricle below. Small 
stalk which has been cut off short, dusters of nerve cells lie round and above 
Attached to it is a small round body this canal, those above it forming four 
which looks insignificant enough but little grey swellings, the corpora quadri- 
which is really extremely important. This gcmina. These swellings are relay stations, 
mere trifle, no bigger than a pea, is the or local exchanges, for messages travelling 
pituitary gland (see Chapter IX). It is up from the car to the cortex of the 
enclosed in a small bony box, the Turkish temporal lobe. Messages from the ear are 
saddle, which lies in the floor of the skull, carried into the brain by way of the 
The gland remains attached to the base of auditory cranial nerve, 
the brain by the stalk mentioned, and joins The grey matter lying below the 
the under surface of the hemispheres aqueduct of Sylvius acts as a small local 

just below the basal ganglia (Fig. 17). exchange for the nerves supplying the 
Of all the structures developing from little muscles which move the eyeball, 
the three original swellings at the front of These muscles lie inside the eye socket 
the neural tube, the midbrain shows the itself. Movements of the eyeballs are 
least change. It consists essentially of two governed by the motor cortex. Lines, that 
thick stalks of white matter, the cerebral is, nerve fibres, go out from this central 



oblongata); 2, cerebellum ; j, passage through midbrain connecting cavity in forebrain (third 
ventricle ) with cavity in hindbrain (fourth ventricle) (aqueduct of Sylvius); 4 , nerves forming 
bridge between parts of cerebellum (pons); 5, cavity (fourth ventricle). 
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Fig. 21. Section of brain connecting with spinal cord (; medulla oblongata). This section 
governs the vital activities of the body , such as breathing and the heart beat . /, Thick band 
of fibres f aiming bridge between parts of cerebellum ; J, medulla oblongata , 3 , vagus , 
wandering , branches to heart , lungt, stomach and intestines. 


switchboard. When they reach the mid- 
brain they end, and a fresh relay is sent 
out by the cells beneath the aqueduct. 
These run to the muscles of the eyeball 
by way of the three cranial nerves (Figs. 
18 and 19). Sometimes the cells in the 
midbrain act without a message from the 
cortex. For example, when we hear a 
sudden noise we turn our eyes, and often 
our heads as well, in the direction of the 


sound; and we do it automatically without 
conscious thought. This is an example of 
a reflex action, and it occurs when one of 
the local exchanges in the telephone 
system acts on its own responsibility, 
without getting into touch with the central 
controlling office. 

It is easier to understand the structure 
of the fully developed hindbrain if we 
approach it from below upwards instead 
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of from above down. If we follow the 
spinal cord upwards we find that it 
broadens out above to form the medulla 
oblongata (Fig. 21). This small but im- 
portant structure contains the so-called 
vital centres, which govern the vital 
activities of the body such as breathing 
and the beat of the heart, and which are 
to be found in the grey matter forming 
the floor of the fourth ventricle. The nerve 
fibres which carry the messages from these 
centres to the organs which they control 
leave the medulla in the great vagus, or 
wanderer, nerves. In addition to the vagus 
nerves the medulla gives rise to several 
other pairs of nerves; in fact, of the twelve 
pairs leaving the brain no less than eight 
take origin from it. 

The Cerebellum 

At the upper part of the medulla, on its 
under surface, a thick band of fibres 
crosses it transversely, forming the pons, 
or bridge; this actually is a bridge, con- 
necting the two lobes of the cerebellum, 
or little brain, which lies above the 
medulla oblongata. 

The cerebellum (Fig. 22) is a curious 
looking structure consisting of closely 


packed folds oi nervous tissue arranged 
in two fairly well defined lobes. When It 
is cut across it is found to have an outer 
layer of grey matter (cells) and an inner 
core of white matter (fibres) just like the 
cerebral hemispheres. The white matter 
in the centre of the cerebellum has a 
strange arrangement of its own; it radiates 
outwards from a central stem like the 
branches of a tree to which the much 
infolded grey matter appears to form 
leaves. To this appearance the name ol 
the Tree of Life has been given. 

Sense of Balance 

The cerebellum is chiefly concerned 
with balance. Innumerable small adjust- 
ments have to be made in order to enable 
us to maintain our balance, even in 
taking a single step. Special sensory 
nerves carry messages from the muscles 
and joints, conveying information to the 
brain about the position of the limbs and 
trunk. Some of these messages travel ’ 
right to the sensory cortex and give us 
conscious information, so that we can say 
at any moment what position our limbs 
are in without looking; but some messages 
never reach consciousness at all. After all, 
we do not maintain bal- 
ance by a conscious effort; 
by far the greater part of 
the minute muscular ad- 
justments which we make 
from moment to moment 
are achieved without hav- 
ing to think. The cerebel- 
lum has the task of looking 
after just these move- 
ments, so it receives all 
the messages from muscles 
and joints which do not 
enter consciousness; it 
sends out messages too, 
which travel out from it, 
down the stem of the Tree 
of Life and the spinal 
cord, to the muscles by 
way of the spinal nerves. 



Fig. 22. The “ lithe brain or cerebellum. This consists u, 
closely packed folds of nervous tissue. It is chiefly concernea 
7 vith balance. 1, Bridge connecting halves of cerebellum {pons). 
2. cavity {fourth ventricle ); 3 , medulla oblongata. 




Fig. 23. Cavities in the brain . These are the persisting feature of the cavity of the embryonic 
neural tube. 1, Cavities in the cerebral hemispheres , to which hang blood vessels serving brain 
(1 lateral ventricles ); j, channel between third and fourth ventricle ; slit between the cerebra 
hemispheres ( third ventricle ); cavity in hindbrain ( fourth ventricle). 

A strange and interesting median- persists as the senes of cavities, called 
ism exists in the ear to keep us ventricles (Fig. 23), which are found em- 

informed about movements of the head; bedded in the solid structure of the brain 
it consists of a device akin to that and play an important, and indeed funda 

found in the jelly fish, which so success- mental, part in its activity, 
fully prevents that creature from swim- The lateral ventricles, lying one in each 
ming upside down. Messages from the hemisphere, are strangely shaped, rather 

ear reach the brain through the eighth or like two curving horns which penetrate 

auditory pair of cranial nerves; the fibres far into the substance of the hemispheres, 

which come from the organs of balance one prong stretching into the frontal lobe, 

enter the medulla and arc distributed not one into the occipital lobe, and one curling 

only to the cerebellum but to the corpora outwards and downwards into the tem- 

quadrigemina in the midbrain and finally poral lobe. They serve an important pur- 

to the cerebral cortex itself. In this way pose; hanging into them are closely knii 

we get news about the position of the head wreaths of tmy blood vessels. Throughout 

both consciously and unconsciously. These life fluid steadily oozes out of these blood 

unconscious centres are every bit as vessels into the ventricles of the brain, 

important as the great conscious exchange, nourishing the delicate nerve cells and 

the cerebral cortex; for though we.are apt fibres, and carrying off waste products 

to rate consciousness rather highly we formed by their activity. The cerebro- 

must not forget that the unconscious, not spinal Juid^ as it is called, flows from the 

the conscious, processes are those which lateral ventricles into the third ventricle, 
mainly keep us going. and thence through the aqueduct of 

In the fully formed nervous system, the Sylvius into the fourth ventricle; here it 

cavity of the neural tube of the embryo makes its escape from the brain bv wav 
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Fig. 24. Diagram showing relative position of cavities in the brain {left, side view ; right , 
front view): 1 , Channel connecting third and fourth ventricles {aqueduct of Sylvius ); 2, 
lateral ventricle; J, third ventricle; fourth ventricle. 


of an opening in the roof, and flows over 
the surface of the brain and spinal cord, 
percolating between the membranes which 
enclose them (Fig. 24). 

There are three such membranes: the 
dura mater, the arachnoid and the pia mater 
(Figs. 25 and 26). The dura mater or “hard 
mother,” lies on the outside, and is a stout 
closely woven membrane, lining the skull 



Fig. 25. Membranes enclosing brain and 
spinal cord {meninges), i, Closely woven 
outer membrane , lining skull and spinal canal 
{dura mater); 2, delicate , web-like membrane 
{arachnoid); 3, fine membrane closely adher- 
ing to surface of brain and spinal cord and 
containing blood vessels {pia mater); 4, bone 


and vertebral canal, and forming an extra 
protection to the valuable structure which 
lies within.The arachnoid, so called because 
it consists of fine delicate strands resem- 
bling a spider’s web, lies inside the dura 
mater, and forms a loose network between 
it and the innermost membrane, the pia 
mater or “devoted mother.” The pia 
mater is a very fine transparent membrane 
so closely applied to the surface of the 
brain that it dips down into all the fissures 
and can only be stripped away with 
'r difficulty. It carries numbers of blood 
vessels into the brain to nourish and 
^ maintain the cortex. The pia mater, like 
4* the dura and arachnoid, is carried down 
X over the surface of the spinal cord, and 
supplies it with blood vessels just as it 
does the brain. 

ju When the cerebrospinal fluid from the 
inside of the brain escapes from the fourth 
ventricle, it makes its way through a gap 
in the pia mater into the subarachnoid 
space between the arachnoid and the pia 
mater; here it is absorbed again into the 
blood stream, and in this way a constant 
flow of cerebrospinal fluid is maintained. 

The three membranes enclosing the 
brain are sometimes called the meninges; 
the disease of meningitis, or cerebrospinal 
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fever, is an inflammation of these 
membranes of the brain or spine. 

The remainder of the original neural 
tube forms the spinal cord (Fig. 27). The 
cord is enclosed in the bony canal made 
by the vertebral which encircles it rather 
in the manner of beads threaded on a 
string. It is only eighteen inches long and 
terminates at the level of the first or second 
lumbar vertebra, that is, in the small of 
the back. Though a tiny structure, no 
greater in diameter than an ordinary lead Fig* 26. Membranes enclosing brain and 

pencil, it carries more messages in an spinal cord (meninges). /, Outer membrane 

instant than an Atlantic cable docs in a (Jura mater); c. second membrane (arachnoid); 

year. When it is cut across (Fig. 28), we J ' mner we "' ira " e (p ' a maur>; * bone - 

find that it consists of a central core of that the grey matter m the centre forms 

nerve cells enclosed in a thick layer of a definite shape. Some people like to 

fibres. These fibres, owing to their myelin describe it as resembling two crescents 

sheaths, are dazzling white, but the nerve joined back to back by a bridge, but a 

cells, which are simply naked specks of simpler symbol for it is the letter H. One 

protoplasm, have a greyish colour when upright bar of the H lies in each half of 

seen in the mass. The spinal cord, then, the cord and the transverse bar connects 

consists of a central core of grey matter them across the middle line. Whereas the 

completely surrounded by an outer layer two horns or prongs of grey matter pro- 
of white matter. In the very centre of the jecting towards the front of the cord (the 

cord is the tiny canal which is all that anterior horns) are rounded and corn- 

remains of the cavity of the original plctely ensheathed in white matter, the 

neural tube from which this whole com- two horns at the back (the posterior horns) 
plicated structure developed. are much narrower and reach to the 

If we cut the spinal cord across we see surface of the cord. At the front of the 
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Fig. 27. Section across spinal cord. Notice H -shaped section of grey matter. /, Partition 
between halves (posterior fissure); 2, deep cleft (anterior fissure); 3 , central canal ; 4, white 
matter; 5, nerve cluster (ganglion); 6 and 7, posterior and anterior roots; 8 , anterior horn. 
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cord there is a deep groove or cleft called 
the anterior fissure; at the back there is 
no such groove, but only a thin partition 
between the two halves. 

If we imagine the cord divided into 
halves by a line running from front to 
back, we see that the white matter is 
roughly split up by the horns of grey 
matter so that we can say that there are 
three columns of white matter in each 
half of the cord— one in front, one at the 
side and one at the back. These three 
columns are named the anterior, the 
lateral and the posterior columns of the 
cord (Fig. 28). 

Reflex Action 

The grey matter in the centre of the 
cord consists almost entirely of nerve cells, 
the white matter forming the three 
columns on each side consists of fibres. 
We must now consider where these 
various fibres are running and what is the 
purpose of the grey matter in the centre 
of the cord. Some of the fibres merely 
connect cells at one level of the cord with 
cells at a higher or lower level, so that an 
incoming message is distributed quickly 



Fig. 28. White matter of spinal cord. 1, 
Front section ( anterior column); a, side 
ection {lateral column ), J, back section 
Posterior column ); 4 anterior fissure. 


to several segments of the cord and not 
merely confined to the point of entry. 
These fibres are important in connexion 
with reflex action. 

A reflex action is a motor response to a 
sensory stimulus and is performed auto- 
matically without our having to think 
about it. A message travels up by way of a 
sensory nerve to the cord and a second 
message travels down a motor nerve to a 
muscle, causing it to contract. The mess- 
age never goes up to the brain at all. It 
takes a short cut through the cord, and the 
final muscular contraction is performed 
without conscious control. 

Quite a number of useful actions are 
performed in this unconscious manner; 
for example, a man stepping out of doors 
on a cold day shivers involuntarily; a 
housewife who touches a hot stove pulls 
her hand away long before she has had 
time to think the matter over and decide 
that that is the proper course to follow. 
These are both examples of reflex action; 
they are as brisk and unconscious as the 
withdrawal of the jelly fish when it is 
prodded, and they are performed by an 
exactly similar simple mechanism. Let us 
follow the course the message takes 

The Reflex Arc 

A sensory nerve fibre runs under the 
skin — a nerve fibre sensitive to pain, let us 
say. When the skin over this fibre is 
pricked with a pin, the nerve fibre receives 
a message which travels up along it to the 
spinal cord, entering it near the posterior 
horn of grey matter. The fibre carrying 
the message runs forward through the 
posterior horn to the anterior horn and 
there forms a synapse with a motor cell; 
the message is transferred to the motor 
cell and travels down its axon (nerve fibre) 
to end in a muscle. As soon as the message 
reaches it, the muscle contracts. 

This, the simplest form of nerve 
mechanism in the body, is known as the 
reflex arc (Fig. 29). There are one or two 
points about it which deserve notice, the 
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Fig. 29. Reflex action. If a nerve fibre in the skin is affected , a message travels by way of 
the nerve cluster at the back of the spinal cord (i), ( posterior root ganglion) to the posterior 
nerve root (2), and thence through the anterior nerve root to a muscle (j). 


first being the position of the motor nerve 
cell; all the motor nerve cells of the spinal 
cord lie in the anterior horns of grey 
matter and are known as the anterior 
horn cells. They arc extremely important, 
because any message to the body muscles 
must finally be delivered through them; 
there is no alternative route. Sensory 
messages, as we know, may be carried into 
the central nervous system from all direc- 
tions: we receive information from eyes, 
ears, tongue, nose or skin, or from inside 
the body itself. But when we want to do 
something about it, we use the anterior 
horn cells of the spinal cord. 

The anterior horn cells have been called 
the final common path for all motor 
impulses. They remind us again that the 
nervous system is like a telephone service; 
a man with a telephone can receive 
messages from all over the world, and the 
messages may be of all kinds — agreeable, 
disagreeable, exciting, depressing, sooth- 
ing or painful. Millions of wires are needed 
to give him this remarkable service, but 
wherever the message comes from, and 
however many wires are involved, in the 
end it has to reach him by a final common 


path— the particular wire which runs to 
the telephone he uses. If that wire is out 
of action the rest of the system is useless 
to him. No matter how well the other 
wires are working, they cannot give him 
the least hint of a message unless his own 
line is in order. 

Now the man in this simile represents 
the muscle fibre, and his private telephone 
line represents the motor neuron — the 
anterior horn cell and its axon. Just as the 
man is powerless to receive messages 
without his telephone, so the muscle fibre 
is cut off from information if anything 
happens to its anterior horn cell. It be- 
comes paralysed; lacking its nervous 
messages, it cannot contract. 

In the arc described, only three elements 
took part — the sensory neuron, the motor 
neuron and the muscle fibre. If, however, 
we consider any reflex action, it will be 
obvious that large numbers of muscle 
fibres are called into play, and yet the area 
stimulated may be extremely small; it may 
be supplied by one or two nerve endings. 

The explanation is simple; when a sen- 
sory nerve fibre enters the spinal cord, it 
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the cord to higher levels and some down 
to lower levels, while some very long ones 
travel right up to the brain. The branches 
which run up or down in the cord form 
synapses with anterior horn cells at 
different levels; so that in addition to 
exciting the anterior horn cells at its own 
level the sensory fibre excites those above 
and below as well. Moreover, by way of 
its long ascending branch it sends inform- 
ation about the whole incident to the 
brain. The anterior horn cells do their 
work long before the brain can take action 
by sending messages to all the muscle 
fibres which can usefully contract in this 



Fig. 30. Path of nerves carrying sensations 
to the brain (. sensory tracts). /, Nerve centre 
at base of brain (1 thalamus ); a, special point 
in medulla oblongata {sensory decussation ); 

3 , posterior column of spinal cord. 


emergency. The result is an appropriate 
gesture. The brain is notified a fraction of 
a second later; and then we take any 
further appropriate action. 

Many of the fibres carrying sensory 
messages to the brain run in the posterior 
columns of the cord, that is, in the two 
thick columns of white matter which lie 
at the back of the cord between the two 
posterior horns of grey matter (Fig. 30). 
These columns run up the whole length 
of the cord and grow thicker as they 
approach the brain, because increasing 
numbers of fibres are entering them from 
the spinal nerve roots. Some of the sen- 
sory fibres, however, do not enter the 
posterior columns but cross over as soon 
as they enter the cord and travel up in the 
lateral columns of the opposite side. 
Fibres carrying sensations from the 
muscles and joints and sensations of light 
touch are those which enter the posterior 
columns; they travel up to the medulla, 
where they encounter clusters of nerve 
cells which receive the messages and relay 
them on. 

Receiving Information 

The new fibres cross the middle line 
and run up towards the cerebral hemi- 
sphere of the opposite side. The point in 
the medulla where the fibres from the two 
sides cross is called the sensory decussa- 
tion (Fig. 30). Before the fibres reach the 
cerebral cortex they encounter the thala- 
mus, the big basal ganglion embedded in 
the white matter of each hemisphere near 
its base. The thalamic cells relay the 
message on to the cerebral cortex. In this 
way we receive conscious information 
about the positions of the limbs and their 
movements, as well as sensations of light 
touch. 

Now let us turn to the other set of 
sensory fibres, those which crossed over 
as soon as they entered the cord. These 
are the fibres carrying sensations of pain, 
pressure, rough touch, heat and cold. They 
enter the cord in the ordinary way and 
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form synapses with the cells of the 
posterior horn of grey matter on the same 
side. The new fibres cross to the opposite 
side of the cord and run straight up in the 
lateral column, through the medulla, pons 
and midbrain, until they come in their 
turn to the thalamus. There some of them 
end and their messages actually enter 
consciousness. Thalamic feeling includes 
sensations of crude pain and of extremes 
of temperature, that is, of heat above 45 
degrees centigrade and of cold below 25 
degrees centigrade. The rest of the sensa- 
tions travelling by this route are relayed 
on to the cortex by the cells of the 
thalamus. 

Most of our movements are not reflex: 
they are deliberate and voluntary. We 
perform them because we want to perform 
them. Such deliberate movements have 
their origin in the brain. We decide to 
move one hand, say, and the brain sends 
a message down the spinal cord to the 
exact group of anterior horn cells supply- 
ing the muscles we intend to use. 

Sending Messages 

These messages start in the cells of the 
motor cortex, the fibres of which form 
two great tracts (Fig. 31), one from each 
hemisphere. These are the pyramidal 
tracts, which run down through the 
hemispheres and midbrain to the medulla 
where they divide into two. One half of 
each tract runs down in the anterior 
column of its own side of the cord, and 
the other half crosses over and runs down 
in the lateral column of the opposite side. 
The point of crossing is called the motor 
decussation (Fig. 32). 

In the cord, fibres from the crossed 
tracts form synapses with the anterior 
horn cells of their own side, whereas fibres 
from the direct tracts form synapses with 
the anterior horn cells of the opposite side 
of the cord. The net result is exactly the 
same in both cases; messages which start 
in the left side of the brain finally take 
effect on muscles on the right side of the 



Fig. 31. Path of nerves carrying messages 
from brain to muscles { motor tracts ). 1, Nerve 
centre in brain {thalamus); 2, point in 
medulla oblongata {motor decussation ); 3 , 
anterior column of spinal cord. 

body, and vice versa, whether they travel 
by way of the direct or by the crossed 
pyramidal tracts. 

The significance of the motor and 
sensory decussations will now be clear; 
all messages from the left side of the body 
finally reach consciousness in the right 
side of the brain, and all motor messages 
starting from the right side of the brain 
finally take effect on the left side of the 
body, and vice versa. Thus each half of 
the body is controlled by the opposite half 
of the brain. No satisfactory reason is 
known why this should be so. 
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the cord and running to all the out- 
lying parts of the body. Thirty-one pairs 
of spinal nerves (Fig. 33) spring from the 
cord and leave the spinal canal by means 
of passages, called foramina, between the 
vertebrae. During early development the 
spinal cord occupies the whole of the spinal 
canal, and the spinal nerves pass out 
horizontally through the foramina; but as 
the embryo grows, the vertebral column 



Fig. 32. Passage of motor nerves. /, Motor 
decussation; 2 , medulla oblongata; 3 and 7, 
tracts by which nerves pass. Note that nerves 
from left side of brain affect right side of 
body and vice versa. 

becomes far longer than the spinal cord, 
and the nerves have to lengthen consider- 
ably in order to reach their point of exit 
from the spinal canal. At the lower end of 
the cord, indeed, the nerves have to run 
so far before they can escape from the 
canal that they form a thick bundle, 
sufficiently like a horse’s tail to have been 
called the cauda equina (Fig. 33). 

The spinal nerves are named according 


to the level at which they leave the spinal 
canal, as follows: eight cervical, twelve 
dorsal or thoracic, five lumbar, five sacral 
and one coccygeal. The presence of eight 
spinal nerves in the cervical region, where 
there are only seven vertebrae, is explained 
by the fact that the first pair of spinal 
nerves leave the canal between the atlas 
and the skull. 

The spinal nerves are mixed nerves; 
they contain both motor and sensory 
fibres; but these fibres do not enter the 
cord together. Each spinal nerve arises 
from the cord by two roots, a motor root 
and a sensory root, and these two roots 
then fuse together. Thus if we were to 
cut the spinal cord across at the level of 
a pair of spinal nerves we should see four 
bundles of fibres sprouting from it — two 
motor roots near the front and two sensory 
roots near the back. Just outside the cord 
we should find the motor root from each 
half of the cord uniting with the sensory 
root of the same side to form a spinal - 
nerve. It is convenient to talk of nerves 
leaving the cord because this is what 
they appear to do; actually the motor 
fibres are running outwards to the muscles 
and the sensory fibres are running inwards 
to the cord. 

Nerve Centres 

On each sensory root, just before it 
plunges into the cord, there is a small 
swelling. This is the dorsal root ganglion 
(Fig. 33); it is made up of a cluster of 
sensory nerve cells. 

The sensory nerve cells which lie in the 
dorsal root ganglia have axons rather 
different from those of other nerve cells. 
Sensations reach the spinal cord and brain 
from all over the body, from every part of 
the skin, from the muscles, joints, intest- 
ines, glands and other organs. The sensory 
fibres have to be long enough to reach 
from the dorsal root ganglia to each of 
these structures. In addition to this the 
messages received have to be conveyed on 
from the cells in the dorsal root ganglion 
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into the spinal cord. In some of the 
simpler animals this need is met by a 
sensory cell with two axons: one axon 
bringing in the messages from the out- 
lying parts, and another, leaving the cell 
at the opposite side, carrying messages 
into the spinal cord. Such a cell is called 
a bipolar nerve cell (Fig. 35). But this 
rather primitive arrangement has been 
abandoned by the vertebrates, in which 
each of the sensory cells in the dorsal root 
ganglia has only one axon, like any other 
nerve cell. Instead of proceeding as a 


eluding pain, touch, pressure, heat and 
cold. These various feelings are trans- 
mitted to the nerve fibre by special groups 
or clusters of cells which can be compared 
with the taste buds in the tongue: they are 
specially designed to pick up one kind of 
sensation and one kind only. They are 
sometimes called end organs because the 
nerve fibre ends in them. 

The end organs conveying sensations 
of touch have a thin capsule; a sensory 
nerve axon enters this capsule, makes 
several spiral turns and breaks up into a 



Fig. 33. Nerves running from spinal cord, (a) End of spinal nerve ( cauda equina), (b) r, 
spinal nerves; J } nerve clusters ( dorsal root ganglia). 


single fibre, however, this axon divides 
into two shortly after leaving the cell, one, 
the incoming fibre, arriving from the skin 
or some other part of the body, and the 
other, the central fibre, plunging straight 
into the spinal cord (Fig. 35). It is diffi- 
cult to see any particular advantage in this 
arrangement over the more primitive one, 
but it certainly seems to be confined to the 
higher animals. 

The nerve fibres which carry messages 
from the skin and other parts of the body 
are just like any other nerve fibres, but 
the sensations which they convey are very 
different. In the skin alone we can dis- 
tinguish several different sensations, in- 


network of tiny nodular fibres. These 
touch end organs are found in large 
numbers in the skin of the fingers and 
palm, as well as scattered elsewhere over 
the skin of the body. Touch is also trans- 
mitted by the hair follicles; nerve fibres 
enter the walls of the follicles, and give 
off branches which encircle the follicle or 
run vertically in its walls, finally ending in 
tiny nodules or flat plates. 

Sensations of cold arc thought to be 
conveyed by structures called the end 
bulbs of Krause (Fig. 36), which consist 
of a round capsule in which the axon loses 
its myelin sheath and forms a network, 
rather like that found in a touch nerve 
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Fig- 34- Nerves of the head and neck. The head is chiefly supplied by the cranial nerves 
which spring directly from the brain itself, and which include the nerves and the muscles of 
the face and the front of the neck , as well as the great nerves of special sense — the nerves of 
smell { olfactory ), of sight {optic); and of hearing {auditory). The sense of taste is also served 
by fibres from cranial nerves. In addition to the cranial nerves , some nerves which serve 
the head are branches of the nerves of the neck , deriving ultimately from the spinal cord. 
i, Nerve running up back of head to supply scalp {great occipital); 2 , smaller nerve of 
back of head {lesser occipital); 3) branch running from neck to serve the ear {great auricular). 
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Fig- 35- Nerve cells connected with spine . 
(a) Umpolai cell , possessing single axon 
which divides into two branches, (b) Bipolar 
cell , possessing two axons. 

ending. Warmth is probably transmitted 
by another type of end organ, cylindrical 
in shape; one or two axons pierce the 
cylinder somewhere along its length and, 
after branching once or twice, end in 
flattened expansions. 

Pain is conveyed by naked axons which 
have lost their sheaths and which branch 
freely among the cells of the epidermis; 
teeth, to our grave disadvantage, are sup- 
plied only with naked nerve endings of 
this kind, though fortunately they are 
buried deep in the pulp of the tooth. 

In the deeper parts of the skin of the 
hands and feet and also in the tendons, 
the muscles, the joints and the periosteum 
of bones, in the peritoneum, pleura and 
pericardium, end organs of another type 
are to be found in large numbers. They 
are called Pacinian bodies (Fig. 36) and 
are relatively large oval structures, large, 
that is to say, by comparison with the 
other end organs, though actually micro- 
scopic. They are made up of concentric 
layers of cells which make them look 
under the microscope rather like an onion. 
Several axons enter each of these bodies, 
and one of them runs to the end of the 
Pacinian body, where it forms a flattened 
expansion. End organs of this type are 
thought to convey sensations of pressure. 
Those in the neighbourhood of muscles, 
joints and tendons tell us something of the 


positions of these joints. If we shut our 
eyes, for example, we can still state accu- 
rately exactly what position our hands, 
feet, fingers or any other parts of our body 
are occupying. Lacking this sense of 
position we should have to look to see 
what had become of an arm or a leg before 
making a statement about it, and walking 
would be impossible, for without the 
detailed information constantly reaching 
the cerebellum from the muscles and 
joints, we should be quite unable to make 
the countless adjustments entailed in 
maintaining our balance. The Pacinian 
bodies, therefore, convey one of the most 
important forms of sensation. Yet it is a 
purely domestic sensation, so to speak; it 
is a message whose origin lies inside, not 
outside, the body. 

We must now trace the course of the 
motor nerves when they leave the spinal 
cord. The fibres run out of the cord by 
way of the anterior (motor) nerve root and 
join with the sensory fibres of the posterior 
nerve root to form the spinal nerve. After 
the spinal nerves have left the vertebral 



ending conveying sensations of cold ( 1 end bulb 
of Krause), (b) Nerve ending conveying 
sensations of touch , pressure and position 
of parts of the body ( Pacinian bodies). 
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canal, they begin to branch and distribute 
fibres to the various Organs of the body, 
including the muscles and the glands. 
Motor fibres which end up in muscles 
branch freely towards the end and finally 
form thick, irregular terminal branches, 
which have no sheath, but which rest in 



Fig. 37. Nerves concerned in breathing, i, 
Branch running from network of nerves in the 
neck through the chest and down to the 
diaphragm ( phrenic nerve); 2 , diaphragm 

a special bed of protoplasm in the body of 
the muscle fibre. We do not know how 
messages are transmitted from one neuron 
to another and we are equally ignorant 
about the way in wdiichanerve fibre causes 
a muscle fibre to contract. The point at 
which the motor fibre comes into contact 
with the muscle fibre is called the motor 


end plate, and it is by some change, prob- 
ably chemical, in this end plate that the 
nervous message is passed on to the 
muscle, which translates it into terms of 
muscular action. 

The spinal nerves between them supply 
the body and limbs. The head is chiefly 
supplied by the cranial nerves, which 
spring from the brain itself. The cranial 
nerves include nerves to the muscles of 
the face and the front of the neck, as well 
as the three great nerves of special sense — 
smell, sight, and hearing. The sense of 
taste is also served by fibres from these 
cranial nerves. 

Spinal Nerves 

Thirty-one pairs of spinal nerves serve 
all the rest of the body. Each nerve of a 
pair serves its own side of the body and 
does precisely the same work as its fellow 
of the opposite side. It will be as well to 
bear this in mind when reading the 
following description, which otherwise 
might be rather misleading; when the 
sciatic nerve is mentioned, for example, 
it must be remembered that there are tw r o 
sciatic nerves— one in each leg; in the 
same way there are two phrenic nerves, 
two brachial nerves and so on. 

The spinal nerves, after leaving the 
vertebral canal, branch and make connex- 
ions with each other, and the networks 
formed by their communicating strands 
are called plexuses. The plexuses formed 
have been named according to their 
position as follows:— 

The cervical plexus, formed by the 
upper four cervical, or neck, nerves. 

The brachial plexus, formed by the 
lower four cervical and the first thoracic, 
or chest, nerves. 

The lumbar plexus, formed by the 
upper four lumbar nerves. 

The sacral plexus, formed by the fifth 
lumbar and the upper three sacral nerves. 

The coccygeal plexus, formed by the 
lower two sacral and the coccygeal nerves. 

A large branch from the second cervical 
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nerve forms the great occipital nerve (Fig. 
34), which runs up the back of the head 
to supply the scalp. 

The cervical plexus, formed from the 
upper four cervical nerves, supplies 
branches to the muscles at the front and 
sides of the neck, and a small ascending 
branch, the great auricular, to the ear. 
By far the most important nerve derived 


The lower four cervical nerves and the 
first thoracic nerve form the brachial 
plexus (Fig. 38) which sends nerves to the 
arm and shoulder. The first nerve to be 
given off is the long thoracic (Fig. 39), 
which runs down the side of the chest 
wall to supply the anterior serratus 
muscle; but most of the branches of the 
plexus are given off in the armpit. Here 
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F.g. 38. Nerve centre supply, ng branches to arm and shoulder {t brachial plexus). ,, 6, 7 and 
S, Lower four nerves of the neck {cervical nerves); ,, fourth cervical nerve; 2, nerve supplying 
muscles on front of upper arm, and the skm over them {musculocutaneous nerve); 3, branches 
to muscles of back; 4 , branches to muscles of shoulder joint. 


from this plexus, however, is the phrenic 
nerve (Fig. 37), which runs down through 
the neck and thorax until it reaches the 
diaphragm. The phrenic nerves are the 
motor nerves to the diaphragm, and there- 
fore of great importance in respiration. 
When we get the hiccup it is due to 
irregular spontaneous motor impulses 
travelling down the phrenic nerves, and 
causing contractions of the diaphragm. 

M.H.B. — G* 


the network of nerves sorts itself into 
three large cords, called from their posi- 
tion the outer, inner and posterior cords. 

The outer cord sends a branch to the 
muscles of the chest and then divides into 
two branches. One of these joins with a 
branch from the inner cord to form an 
important nerve, the median; the other, 
the musculocutaneous nerve, supplies the 
muscles on the front of the upper arm and 
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Fig. 39. Nerves of the arm. From the network of nerves in the armpit , branches go to the 
muscles of the chest and to the front of the upper arm. Other branches join to form the 
median nerve . > running into the forearm and supplying the skin of the palm. The ulnar and 
radial nerves run down the upper arm to the muscles of the forearm and also have branches 
in the skin of the hand and the fingers. The median nerve runs along the arm to the thumb. 
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Fig. 40. Back view of nerves of the forearm. 
Notice how the radial nerve supplies mtiscles 
of back of forearm and almost all the 
muscles of the back of the hand. 

the skin over them. The inner cord sends 
one branch to the median nerve and also 
gives rise to the ulnar nerve. The posterior 
cord sends branches to the muscles round 
the shoulder joint, and then, after winding 
round to supply the muscles on the back 
of the upper arm, passes behind the elbow 
to enter the forearm as a thii'd important 
nerve, the radial (Fig. 40). 

The median (Fig. 39) runs down the 
upper arm, lying close beneath the border 
of the biceps muscle, and passes into the 
forearm where it supplies the muscles 
lying towards the outer side and some of 
the small muscles of the thumb. It also 
gives off a sensory branch which supplies 
the skin of most of the palm (Fig. 41). 

The ulnar nerve (Fig. 39), which springs 
from the inner cord, runs down behind 
the inner side of the elbow and supplies 
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the muscles on the inner side of the fore- 
arm and some of the small muscles of the 
little finger. It also sends sensory branches 
to the skin covering the little finger and 
half the ring finger; this accounts for the 
fact that a blow on the elbow often pro- 
duces tingling and pins and needles in the 
outer part of the hand. We remark on such 
occasions that we have bumped our funny- 
bone, but actually the sensation is caused 
not by an injury to the humerus but by 
pressure on the ulnar nerve where it passes 
round the elbow. 

The third great nerve, the radial (Fig. 
40), supplies all the muscles lying at the 
back of the forearm and sends a long 
sensory branch down to supply the skin 
over the back of the hand except that 
covering the little finger and the inner 
side of the ring finger, which is supplied 
by the ulnar. 

The twelve thoracic, or chest, nerves 
are intercostal nerves, running round the 
chest wall in grooves beneath the ribs. 
They supply the intercostal muscles and 
the skin of the chest wall. 

The upper four lumbar nerves form the 
lumbar plexus (Fig. 42), which lies inside 
the abdominal cavity embedded in the 
great psoas muscle on either side. This 
plexus sends branches to the muscles of 
the abdominal wall and the skin over them, 
and one important branch, the femoral 
(Fig. 43), which crosses the brim of the 



Fig. 41. Nerve supply of the hand. 1, 
Median nerve , supplying most of palm; £, 
radial nerve , supplying most of back of hard; 
3 3 ulnar nerve , supplying rest of hand. 




NERVOUS SYSTEM 


204 

pelvis, supplies the muscles on the 
front of the thigh. The femoral nerve gives 
off a sensory branch, the long saphenous, 
which travels all the way down to the foot, 
supplying the skin on the inner side of the 
leg and sole. 

The fifth lumbar nerve joins the upper 
three sacral nerves to form the sacral 
plexus. The nerves springing from this 
plexus supply the muscles round the 
pelvis, the muscles on the back of the 
thigh and all the muscles of the leg and 
foot. The word leg is used by anatomists 
to refer to everything below the knee, the 
region above the knee being termed the 


thigh; the thigh therefore corresponds to 
the upper arm and the leg to the forearm. 
After supplying the muscles round the 
pelvis, the nerves from the sacral plexus 
form one thick cord, the great sciatic 
nerve (Fig. .43), the largest nerve in the 
body. This runs down among the muscles 
at the back of the thigh and supplies them; 
it also sends a branch down to the calf 
muscles before emerging into the space 
behind the knee-joint. Finally it divides 
into two branches; one of these, the tibial, 
runs down the leg, buried under the calf 
muscles, some of which it supplies before 
passing into the foot to supply the muscles 
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lug. 42. Network oj nerve s oj 10m and iheir connexions ( lumbar plexus): /, 2, 3 and 4 , 
Upper four nerves of loin; 5, fifth nerve of loin , joining with upper nerves of the base of the 
spine to form the sacral plexus , which supplies nerves to the pelvis , back of thigh 3 leg and 
foot. The femoral nerve crosses the pelvis and supplies the muscles on the front of the thigh 
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of the great toe and the little toe. The 
other branch of the sciatic, the common 
peroneal, winds round to the front of the 
leg and supplies all the remaining muscles 
of the leg and foot. The sciatic nerve is 
thus a very important one. 

The coccygeal plexus is formed from 
the last two sacral nerves and the coccy- 
geal nerve. This little plexus is more 
important than it looks: it supplies the 
organs lying in the pelvic cavity. 

So far we have been studying the nerves 
which carry conscious sensation and those 
which send messages to voluntary muscles. 
But a large number of messages go out 
from the brain which are not under con- 
scious control — to the sweat glands of the 
skin, the heart and blood vessels, the 
intestines and other abdominal organs, 
the lungs and bronchi. 

Effects of Anger 

We can recognize changes produced in 
this way, though we have no conscious 
part in producing them. When we arc 
angry or frightened, for example, several 
startling things happen to us: we breathe 
more deeply and our hearts beat faster; 
our blood pressure rises and at the same 
time the surface of the body feels hot. The 
phrase “keep cool” springs from this 
sense of heat felt by angry or excited 
people. Our sweat glands begin to pour 
out moisture, and it is a common observa- 
tion that a man may sweat with fear. 
If his alarm is great the pupils of his eyes 
will dilate, his upper eyelids be drawn 
back, and a small muscle at the back of 
the eyeball may contract, causing the eye 
to protrude. The little muscles round the 
hair follicles contract, producing goose- 
flesh, and the man may begin to shiver 
with fear, or tremble with rage, as the case 
may be. The muscles round the hair 
follicles may contract so forcibly that the 
hair actually stands on end. We are 
accustomed to seeing the hair rise on an 
angry dog, and speak of his hackles being 
up. Secretion from the salivary glands may 



Fig. 43. Nerves of leg. /, Nerve of thigh 
{femoral); 2 , branch of thigh nerve running 
to sole {long saphenous); 3 and 6, nerves of 
skin {anterior and posterior tibial); 4 , nerve 
of back of thigh and calf {sciatic); 5 , branch 
of sciatic nerve 3 the largest nerve in the 
body 3 running to front of leg {peroneal). 

be free, and it is this which causes a 
man to foam at the mouth. 

In addition to all these outward signs 
of fear and anger there are changes in the 
internal economy of the body. Digestion 
ceases; the peristaltic waves which nor- 
mally pass continuously down the intestine 
come to a stop, the bowel remains relaxed 
and the sphincters closed. The body re- 
quires energy and blood for other and 
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more warlike purposes than digestion. The 
bulk of the blood is circulating through 
the voluntary muscles. 

The body, then, undergoes a definite 
set of changes in face of danger, changes 
which for convenience we may, call the 
body’s preparations for war. The opposite 
picture is seen when no danger threatens, 
and the body assumes the duties of peace. 
At such times the heart-beat is slow and 
calm and the blood pressure normal; the 
pupil is small and the eyelids may droop 
lazily. The skin is cool and dry, digestion 
proceeds actively and the hair remains 
lying down. 

Autonomic System 

All these changes arc governed by two 
sets of nerves, antagonistic to each other, 
the sympathetic nerves (Fig. 44) and the 
parasympathetic nerves. These two sets 
together constitute the autonomic system. 
The sympathetic system, despite its name, 
is the one which prepares the body for 
warfare, and the parasympathetic takes 
charge in times of peace. 

The sympathetic nerves leave the spinal 
cord with the motor nerve roots of all the 
thoracic and the upper two or three 
lumbar nerves. The parasympathetic 
nerves are less easy to follow, because 
some of them take origin from the brain 
and travel in cranial nerves, and the rest 
leave the spinal cord with the nerves of the 
sacral region. Classifying the autonomic 
system from above downwards, we get: — 

1 . Cranial parasympathetic nerves (travel- 
ling in the third, seventh, ninth and 
tenth cranial nerves). 

2. Sympathetic nerves (travelling in all 
the thoracic, and the upper two or three 
lumbar nerves). 

3. Sacral parasympathetic nerves (travel- 
ling in the second and third sacral 
nerves). 

Sympathetic Nerves 

The nerve cells of the sympathetic 
system lie midway between the anterior 
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and the posterior horns of grey matter of 
the spinal cord* The fibres travel out from 
the cord with the anterior (motor) root, 
but they soon leave the spinal nerve as a 
fine strand of white fibres which ends in a 
sympathetic ganglion (Fig. 45). A chain of 
sympathetic ganglia lies on each side of 
the vertebral column, each ganglion being 
attached to a spinal nerve by a fine strand 
of sympathetic fibres. The strand is known 
as the white ramus communicans (Fig. 45). 
From the ganglion a fresh relay of fibres 
carries the sympathetic message forward; 
the new fibres, however, have no myelin 
sheaths and are therefore grey, not white. 
These grey fibres leave the ganglion and 
return to one or other of the spinal nerves 
as a second slim strand, the grey ramus 
communicans (Fig. 45); so that each 
sympathetic ganglion is attached to one or 
more spinal nerves by white and grey 
rami. In addition, each ganglion in the 
chain is attached to the ganglia above and 
below. The lower ganglia send rami to the 
coccygeal and sacral nerves, so that 
sympathetic fibres travel with the spinal 
nerves and are able to serve all the out- 
lying parts of the body. 

Head and Neck 

Sympathetic fibres to the head and neck 
follow a special course. They pass from 
the motor nerve roots in the neck to the 
three top ganglia, the cervical, in the 
sympathetic chain which lie at either side 
of the neck close to the spine. Fresh relays 
of grey fibres leave these ganglia and form 
a network round the internal carotid 
artery; they travel up with it to supply 
the little muscle which dilates the pupil 
and the muscles which draw back the 
upper lid and force the eyeball forward. 

Other fibres from the cervical ganglia 
form a network round the external carotid 
artery, and send branches to supply the 
skin of the face; they also send fibres to 
the salivary and lachrymal glands, causing 
them to pour out their respective secre- 
tions. An angry person may cry with rage 
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as well as foam at 
the mouth. 

The cervical gan- 
glia also send 
branches to the 
organs in the chest. 

Several important 
branches pass to 
the heart, forming 
the network of the 
cardiac plexus (Fig. 

44). They cause the 
heart to beat rapid- 
ly and forcibly so 
that the body 
muscles receive a 
rich supply of 
blood. Other fibres 
pass to the bron- 
chial tubes, causing the muscles in their 
walls to relax and the tubes themselves to 
dilate so that more air can reach the lungs. 

Sympathetic fibres to the abdominal 
organs form three well-defined nerves, the 
splanchnic, on each side. These end in 
some large ganglia, the prevertebral, lying 
in front of the spine. From these ganglia 
fresh relays of fibres set out and form 
networks, or plexuses, which supply the 
abdominal organs. 

Solar Plexus 

The chief of these is the solar plexus 
(Fig. 44), of which every one has heard; 
it sends branches to all the abdominal 
blood vessels and to the muscular coats 
of the digestive tract. A blow on the solar 
plexus causes widespread results, as we 
all know. In the ordinary way the abdomi- 
nal blood vessels are moderately dilated, 
but when we are in fighting trim the 
sympathetic system causes them to con- 
tract. This is because we need as much 
blood as possible in our muscles, and we 
get it by cutting down our blood supply 
to the digestive tract. When we are ready 
to fight, then, the blood vessels in the 
muscles dilate, but the blood vessels in 
the abdomen contract; and this has the 



Fig. 45 * Connexion of sympathetic nerves 
with spinal column. The sympathetic nerve 
leaving the spinal column through 4, a group 
of spinal nerves (. spinal ganglion ) becomes 7, 
a fine strand of white fibres {white ramus 
communicans ). This ends in a cluster of 
sympathetic nerves {sympathetic ganglion ). 
Trom there it goes forward as 2 , a strand of 
grey fibres {grey ramus communicans ). 


effect of raising the 
blood pressure, be- 
cause the heart is 
pumping hard 
against the resist- 
ance caused by the 
narrowing of the 
blood vessels. If a 
man in this state is 
struck over the solar 
plexus his abdom- 
, inal sympathetic 
nerves are para- 
lysed by the shock, 
and the abdominal 
blood vessels, 
which a moment 
before were tightly 
contracted, sud- 
blood pressure falls 


denly dilate, his 
acutely and blood drains away from his 
limbs and brain to collect in his abdominal 
vessels. No wonder he feels faint and 
helpless, and, as we say, “winded.” 

Sympathetic nerves run to all the 
abdominal organs; some arrest the move- 
ments of the digestive tract, some relax 
the bladder and contract its sphincter; 
others cause the liver to release stores of 
glycogen and convert it into glucose, and 
others act on the spleen, causing it to 
release stored red cells into the blood. In 
fact, the sympathetic system, wherever its 
fibres are to be found, induces those 
changes in the body which we saw to be 
associated with fright or with preparations 
for hostile action. 

Finally, sympathetic fibres pass to the 
suprarenal glands (see Chapter IX) and 
cause them to pour into the blood stream 
a substance called adrenalin, which pro- 
duces very much the same effects chemic- 
ally as the sympathetic system produces 
by nervous action. 

Unconscious Control 
Just as the anterior horn cells m the 
spinal cord are governed by messages 
travelling down from the brain in the 
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pyramidal tracts, so the sympathetic cells 
in the cord are probably subject to higher, 
though not conscious, control. The higher 
centres governing the sympathetic system 
are thought to lie among those little 
clusters of grey matter below the thalami 
(Fig. 30) at the base of the hemispheres. 
This region, the subthalamic, as it is 
called, is very little understood at present 
but is engrossing the interest of physio- 
logists all over the world. 

In the sympathetic system we noticed 
that the pathway for messages lay through 
two neurons, one cell lying in the cord and 
the other in a sympathetic ganglion. In the 
parasympathetic system the same general 
arrangement is found; two neurons carry 
the messages sent out, but the second cell, 
instead of lying in a ganglion some dis- 
tance from the organ supplied, is usually 
found in the walls of the organ itself. 

Parasympathetic Nerves 

The parasympathetic fibres coming 
from the brain travel in four pairs of 
cranial nerves — the third, seventh, ninth 
and tenth (Fig. 19). Those running in the 
third nerves travel into the eye socket and 
supply the iris. Parasympathetic fibres 
cause the pupil to contract, having just the 
reverse effect from that of the sympa- 
thetic. The fibres travelling in the seventh 
or facial nerves run to the sublingual and 
submaxillary salivary glands; the parotid 
gland is supplied by parasympathetic 
fibres travelling in the ninth nerves. 

The tenth or vagus nerves — the wander- 
ers — are the really important members of 
the cranial parasympathetic group. They 
pass jout of the skull and travel down 
through the neck and thorax to the abdo- 
men, giving off branches all the way. These 
branches pass to the heart, . bronchial 
tubes, liver, pancreas, stomach, intestines 
and kidneys, in fact to nearly all the 
structures supplied by the sympathetic 
system; and in every case the action of the 
vagus is antagonistic to that of the sympa- 
thetic nerves. Thus it slows the heart, 


increases intestinal movement, constricts 
the bronchial tubes, and so on. 

Now let us turn to the sacral group. 
These, as we have seen, travel in the 
second and third sacral nerves, but soon 
leave them, and combine to form a single 
nerve on each side, the nervus erigens or 
pelvic nerve. This nerve supplies the 
rectum, the bladder and the other pelvic 
organs; its action is the reverse of that of 
the sympathetic; it causes evacuation of 
the bladder and bowel and relaxation of 
their sphincters. 

The sympathetic and parasympathetic 
systems thus have antagonistic but com- 
plementary functions. The sympathetic 
system, penetrating throughout the body, 
stimulates the action of the organs. It 
increases the rate of output of their special 
products, and puts. the whole body in a 
state of tension. This it accomplishes by 
means of highly developed and specialized 
cells, and by an elaborate system of control 
which, though it may be set in being by 
stimuli or feelings of which we arc con- 
scious, such as the emotion of anger or 
fear, acts through machinery which is 
neither conscious nor deliberate. We can- 
not will our heart to beat more quickly 
nor our glands to produce their various 
fluids more abundantly; but these involun- 
tary actions, carried out by the sympathetic 
system, bring about precisely the results 
we should have desired had we been able 
to control them consciously. In exactly the 
same way the parasympathetic nerves 
carry through the restoration of the system 
to its normal condition, again acting 
through a mechanism beyond our con- 
scious control to bring about the bodily 
condition suited to our momentary need. 

Thus these two great antagonists, the 
sympathetic and the parasympathetic 
systems, send their messages to every part 
of the body and between them prepare 
us to meet every condition of bodily peace 
or war. They are helped in this task by 
the chemical messengers which the endo- 
crine glands send about the body. 
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Men and the higher animals are able to 
live in, and more harmoniously through, 
their environment because of a nervous 
system which enables the animal as a 
whole to respond to an event affecting 
only a part. The nervous system has been 
compared with a telephone service, keep- 
ing all outlying parts of the body in 
effective communication with the great 
central exchange, the brain. 

Chemical Messengers 

The body has a second great commu- 
nicating system, the blood stream. Blood 
vessels travel as freely into every outlying 
structure as nerves, and may be compared 
with the canal system of a well-watered 
country such as Holland. Nature is 
economical: such an excellent method of 
transport can be made to fulfil a dual role, 
and so we find the blood carrying messages 
from one part of the body to another and 
acting as an auxiliary service to the nerves. 
These messages are delivered in the form 
of chemical substances which act only on 
the organs or tissues for which they are 
intended. They have been given the name 
of hormones, derived from the Greek 
word meaning to excite, because they 
excite the organs of the body to action. 
The action may be as sudden as the con- 
traction of a group of blood vessels, or as 
prolonged as the slow steady growth of 
the bones, which goes on for years; and it 
may be speeded up or retarded by an excess 


or deficiency of the hormone concerned. 

One of these hormones, called secretin, 
acts in a relatively simple way. Secretin, 
as such, does not ordinarily exist in the 
body, but a substance called prosecretin 
is always present in the cells lining the 
duodenum (see Chapter V). 

Action of Hormones 

During the process of digestion, food is 
retained in the stomach until it is 
thoroughly mixed with hydrochloric acid 
and partially digested; then the pyloric 
sphincter relaxes and some of the acid 
food passes into the duodenum. As soon 
as the acid comes into contact witji the 
cells lining the duodenum, a chemical 
change occurs in the prosecretin which 
they contain. It is converted into secretin, 
which is absorbed by the blood vessels 
lying in the duodenal wall and carried off 
in the blood. It is carried right round the 
body but has no effect until it reaches one 
organ, the pancreas ( see Chapter V). 
As soon as the pancreatic cells receive 
secretin from their blood supply they 
become active and pour out pancreatic 
juice; and this juice passes by way of the 
duct of the gland into the duodenum, and 
helps to digest the food. In this way the 
acid food entering the duodenum will 
set going the machinery necessary for 
its own digestion. 

There are plenty of hormones similar to 
secretin; for example, products of tissue 


210 



ENDOCRINE GLANDS 


211 


breakdown act as hormones on the liver, 
causing it to build up new substances; in 
the same way, carbon dioxide acts as a 
hormone to the respiratory centre in the 
brain, causing us to breathe more deeply. 

Many important hormones are pre- 
pared by the endocrine or ductless glands, 
which pour their juices directly into the 
blood stream instead of into ducts. These 
juices maintain health, control growth and 
help the nervous system in its work. 

The glands themselves are scattered 
about the body, and some have another 
function to perform besides that of pro- 
ducing an endocrine hormone or hor- 
mones. The pancreas, for example, is an 
endocrine gland, or gland of internal 
secretion, but in addition to the digestive 
juice it pours into the duodenum, it 
delivers into the blood stream a hormone 
(insulin) which prevents diabetes. So the 
adjective ductless for the glands in this 
group is really inaccurate; the pancreas 
has a perfectly good duct travelling to the 


wall of the duodenum and opening there, 
and though this duct has nothing to do 
with the part of the gland forming insulin, 
it is nevertheless a duct. The name endo- 
crine gland is therefore more appropriate 
than ductless gland for this group. 

At present the following endocrines are 
recognized: the thyroid, the parathyroids, 
the suprarenals, the pituitary, the pan- 
creas, the sex glands (and placenta) and 
the thymus. 

The endocrine gland whose function 
was first recognized was the thyroid (Fig. 
i). It lies in the neck and consists of two 
lobes connected by a bridge. Under the 
microscope the thyroid is found to con- 
sist (Fig. 2) of cavities filled with a 
gelatinous material and lined with approx- 
imately square cells. The gelatinous 
material contains the thyroid hormone, 
thyroxin, which is necessary to normal 
development and health. Methods of 
studying the effects of an endocrine 
hormone are as follows: — 



Fig. 1. Thyroid and parathyroid glands, (a) Thyroid gland from front: /, Thyroid gland; 
2, part of windpipe (trachea), (b) Thyroid gland from side: 2, Trachea; J, parathyroids. 
The thyroid gland lies in the neck , and consists of two lobes connected by a bridge. 



212 


INTERNAL SECRETIONS 


1. The gland producing the hormone can 
be removed from an animal, and the 
effects noted. 

2. A normal animal can be given the 
hormone, so that it possesses an over- 
dose. 

3. The effects of diseases of the gland can 
be studied. 

The thyroid has been investigated 
thoroughly along all these lines. If the 
thyroid of a tadpole is removed, the 
unfortunate creature will not develop into 
a frog. If thyroid extract is added to the 
water in which he lives, however, he 
resumes his growth in the normal way. 
If a normal tadpole is given extra thyroid 
in his water, his development speeds up 
enormously, and he becomes a frog, so to 
speak, by leaps and bounds. These experi- 
ments give us an idea of what to expect 



Fig. 2. Section of thyroid gland. The 
cavities of the thyroid gland are filled with 
gelatinous material containing thyroxin , 
which is essential to normal development and 
health. Its deficiency produces cretinism. 


when the thyroid is diseased, absent or 
over plentiful in humans. 

Sometimes children are bom in whom 
the thyroid is absent or inactive; these 
children become cretins (Fig. 3). At birth, 
and for about six months afterwards, they 
appear to be normal healthy infants; then 
the signs of cretinism develop. The reason 
for the time lag is not perfectly clear. 
Perhaps before birth the baby receives 
enough thyroid from his mother’s blood 
stream to carry him through the first six 
months, perhaps he receives for a time 
sufficient thyroid in her milk. 

Inactive Thyroid 

The thyroid deficiency usually begins 
to show itself during the latter part of the 
first year of life, and unless the child is 
treated, his development will be gravely 
affected. His growth, both physical and 
mental, is retarded; he becomes stunted, 
stupid and feeble. His muscles arc so weak 
that they cannot maintain his bones in the 
proper positions; consequently the bones 
become bent and deformed. His tongue 
becomes too large for his mouth and pro- 
trudes, his nose is snub like a pig’s, his 
hair is dry and scanty, his eyelids are 
swollen, and pads of fat develop on his 
shoulders. His abdomen swells, the navel 
protrudes and the skin all over the body 
becomes dry and coarse. 

Happily, cretinism is rarely seen in 
England today, because doctors are so 
much on the look out for the signs of its 
onset. Consequently, every baby who 
shows mental and physical backwardness 
is likely to be given thyroid at once. Quite 
a small daily dose is enough to keep the 
symptoms at bay and restore normal 
growth and development. 

Occasionally the thyroid gland of an 
adult person ceases to do its work, and a 
disease then develops which is in some 
ways the counterpart of cretinism. Obvi- 
ously, since growth is complete, the 
patient will not become a dwarf, but he 
eventually becomes stupid and retarded 
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mentally, his skin becomes dry, his hair 
falls out and he develops pads of fat over 
his collar bones and puffy swellings round 
his eyes. Like the cretin, the patient suffer- 
ing from this condition, which is called 
myxoedema, can be cured by small doses 
of thyroid extract. The change in such 
cases is startling and delightful; ‘ the 
patient becomes his old self again, and 
grows fresh hair and eyebrows. 

Thyroxin is a very important hormone ; 
it is not only necessary to normal growth 
and development but essential to physical 
and mental health. It contains iodine in 
relatively large quantities, and so, in 
districts where the soil is deficient in 
iodine, disease of the thyroid is common ; 
in the Alps and Himalayas, for example, 
goitre is commonly seen among the 
inhabitants. The thyroid may be so large 
as to hang down upon the chest, but in 
spite of its size the gland in such cases is 
often inactive and the patient may show 
signs of cretinism or myxoedema. 

Over-active Thyroid 

The signs of an over-active thyroid are 
quite different (Fig. 4). Patients who 
suffer from this condition have an anxious 
startled look, because their eyes become 
prominent and their eyelids are retracted. 
They are nervous, tremulous, and excited 
upon little provocation. The enlarged 
thyroid gland produces a swelling on the 
front of the neck, the heart always beats 
too fast, and patients often suffer from 
palpitation. They can usually be cured 
only by the removal of part of the too 
active thyroid gland. 

Four more small glands lie in the neck 
close behind the thyroid; these are the 
parathyroids. If these glands are removed 
from an animal, the nervous system and 
muscles become highly excitable and 
various twitchings occur which may 
finally take the form of fits. This state of 
neuromuscular irritability is known as 
tetany; the animal cannot long survive 
without the parathyroid hormone, and 
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Fig. 3. A cretin , suffering from the absence 
or inactivity of the thyroid gland. This shows 
itself in the retarding of growth , both physical 
and mental. Cretinism is rare in England. 

eventually will die from the convulsions. 

The task of the parathyroid glands is to 
maintain the calcium in the blood stream 
at a steady level. When this level falls too 
low, tetany develops. Tetany may also 
develop in children as an accompaniment 
of rickets, but the parathyroids are not to 
blame in such cases, the calcium in the 
blood being diminished for other reasons 
than parathyroid deficiency. The treat- 
ment in either case is to inject calcium. 

When the parathyroids become over- 
active, a rare disease develops. The active 
glands raise the calcium in the blood far 
above its normal level, by draining calcium 
out of the bones, \*hich become soft, and 
bend or break following the slightest 
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injury. People so affected are as a rule 
completely crippled. In some cases a 
tumour of one of the parathyroids is 
present, and when this is removed patients 
recover their normal health. 

The suprarenal glands lie one on the 
top of. each kidney, fitting like a small 
cocked hat. Each gland consists of two 
parts, an outer portion called the cortex 
and a central part called the medulla. The 
origin of these two parts shows that in 
effect each suprarenal gland is two glands 
which have different origins and different 
tasks to perform (Fig. 5). 

The medulla produces a hormone called 
adrenalin, which acts chemically to pro- 
duce exactly the same results as the 
sympathetic system produces by nervous 
action. The medulla is, in fact, nervous 
in origin. It develops from cells derived 
from the original neural groove, which 
give rise also to the sympathetic ganglia. 

The cortex has a very different history. 
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Fig. 4. Effects of over-active thyroid gland. 
This results in nervousness and liability to 
over-excitement. The enlarged gland pro- 
duces a spelling on the front of the neck. 



Fig. 5. Section of glands lying on top of the 
kidneys {suprarenal glands ). r, Central 
portion {medulla); e, outer portion {cortex). 
These are really separate glands. The 
medulla produces adrenalin , and helps the 
nervous system; the cortex produces cor tin, 
which is concerned with sex development 

It derives from the group of embryonic 
cells which give rise to the sex glands. 

Remembering the sympathetic system, 
we can foretell what adrenalin will do. It 
raises the blood pressure by causing the 
abdominal blood vessels to contract, 
dilates the pupil of the eye, increases the 
blood supply to muscles, brings digestion 
to a stop by inhibiting movements of the 
intestinal wall, contracts the sphincters, 
and causes the liver to release supplies of 
sugar into the blood. The medulla of the 
suprarenal, is our friend in emergencies 
by reinforcing the sympathetic system and 
preparing us to meet dangers. 

The cortex of the gland has nothing to 
do with all this, and we know far less about 
it. We do know, however, that it is essen- 
tial to life. If it is removed from an animal, 
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the appetite is lost, body weight falls and 
the creature becomes weak and apathetic 
and finally dies. Similar signs are seen 
when destructive disease of the cortex 
appears in man; tuberculosis of the supra- 
renals is usually responsible for this con- 
dition, which is known as Addison’s 
disease. The patient becomes languid and 
steadily weaker, the skin becomes bronzed 
and the blood pressure is very low. At 
one time patients who suffered in this 
way invariably died, but now it is possible 
to make an extract from the suprarenal 
cortex which restores them to health. The 
extract contains cortin, the hormone of 
this part of the gland. 

When this part of the gland becomes 
over-active in children, precocious devel- 
opment of the sexual organs follows, and 
a boy of four may show the development 
and secondary sexual characteristics of a 
full-grown man. Women with an over- 
active cortex become masculine in appear- 
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ance and develop a moustache, a beard and 
a deep voice. The change also affects their 
character; from being normally feminine 
they become mannish and adopt the 
behaviour of the opposite sex. 

The pituitary (Fig. 6) is the most 
remarkable gland of a remarkable series. 
It lies at the base of the brain, attached 
to it by a stalk called the infundibulum, 
and enclosed in a tiny bony box, the 
Turkish saddle ( see Chapter I). It 
is made up of two lobes which have 
different origins and different functions. 
The anterior lobe develops from the 
embryonic mouth cavity and grows up- 
wards to join the posterior lobe, which 
grows downwards from the brain to meet 
it. The anterior lobe becomes divided 
from the mouth cavity by the bones of 
the base of the skull, but the posterior 
lobe remains attached to the brain. 

The more we learn about this gland, the 
more astonishing it appears. It is no bigger 
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Fig. 6. Pituitary gland. (Left) Position of the gland . It is enclosed in a bony structure 
lying at the base of the brain , to which it is attached. It governs activity of all the other 
glands , and maintains balance between them. (Right) z, Pituitary gland enlarged ; 2 , section. 
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than a pea and yet it produces more 
hormones than any other endocrine gland; 
moreover, it governs the activity of all the 
other glands and helps to maintain the 
balance between them. If it fails to do its 
work efficiently, the body’s development 
becomes distorted. 

Action of Pituitary 

If the pituitary is removed from young 
animals (Fig. 7), the sex glands fail to 
develop, and the thyroid and the cortex 
of the suprarenals atrophy. If extracts of 
pituitary are injected into normal young 
rats they become nearly double the size 
of their brothers and sisters in the same 
litter. The pituitary manufactures a 
growth hormone, and also a number of 
other hormones. Two of these act on the 
thyroid and suprarenal cortex, and have 
been named respectively the thyrotropic 
hormone and the adrenotropic hormone. 
The pituitary affects the sex glands by 
two gonadotropic hormones. It produces 
a hormone called prolactin, which causes 
the mammary glands to secrete milk, and 


there is evidence that the parathyroids are 
controlled by a parathyrotropic hormone. 
Finally, a hormone is present which raises 
the sugar content of the blood (thus 
antagonizing the action of insulin) which 
may be called the diabetogenic hormone. 

All the hormones so far mentioned are 
made by the anterior lobe of the gland, and 
have been discovered only in compara- 
tively recent years. The posterior lobe has 
been useful in medicine for a much longer 
period; it contains a hormone which acts 
on smooth muscle, especially that of the 
uterus, causing it to contract, and it can 
often be administered to advantage in the 
late stages of labour. In addition, the 
posterior lobe can cause a rise of blood 
pressure by stimulating the blood vessels 
to contract, and it also reduces the pro- 
duction of urine. Like the anterior lobe, it 
has the power of increasing the amount 
of sugar in the blood. 

Disorders of the pituitary lead to sur- 
prising effects. All the giants (Fig. 8) seen 
in circuses possess an over-active anterior 
lobe. They can become tall only if the 



Fig. 7. Effect of removal of pituitary gland. If the pituitary is removed from young 
animals other glands fail to develop , and growth is retarded. The illustration shows two dogs 
from the same litter at one year old. (Left) Pituitary gland has been removed , as a result 
of which the animal has not grown to its normal size. (Right) Normal growth. 
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Fig. 8. Effects oj over-active pituitary gland . If over-activity of the pituitary sets in 
before the normal growing period of the individual concerned is ended , abnormal growth will 
take place and the condition known as gigantism will result. The illustration shows: (a) 
Gigantism compared with (b) normal growth. Notice the large face , even in relation to the 
over-developed body, heavy jaw, fleshy nose and lips and large hands and feet. If the over- 
activity occurs after the normal growth period is ended, it will not result in tallness, but in 
deformed over-development of these features . This condition is called acromegaly. 
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over-activity sets in before the normal 
growing time is ended. An over-active 
pituitary in later life leads to a condition 
called acromegaly; the bones cannot grow 
in length but they become thicker and 
stronger, the jaw bone and head being 
particularly affected, so that the patient 
develops a heavy jowl and jutting brows. 
Hands and feet also become large, nose 
and lips thick and fleshy. The disease is 
progressive, and the patient goes on grow- 
ing more and more deformed until the 
day of his death. 

Under-active Pituitary 

If the pituitary becomes under-active, 
dwarfism is likely to result. Pituitary 
dwarfs are of two types. In one, the 
patient has the appearance of a graceful 
child; he is intelligent and agreeable to 
look at, but he remains throughout life a 
sort of Peter Pan. The other type is fat 
and sleepy. The fat being rather feminine 
in distribution, he looks rather like a too 
plump girl. 

Anterior lobe deficiency occurring later 
in life produces the same type of obesity, 
but without dwarfing. Complete atrophy 
of the anterior lobe occurring early in life 
causes a terrible condition of premature 
senility; thus a child of eight may show the 
sallow wrinkled skin, sparse hair and 
fragile bones of an old man. 

Another disease due to deficiency of the 
posterior lobe is diabetes insipidus, in 
which the patient experiences extreme 
thirst and passes large quantities of very 
dilute urine. The condition is more annoy- 
ing than dangerous, and can be relieved 
for several hours at a time by an injection 
of posterior lobe extract. 

The Pancreas 

Mention has been made already of the 
fact that the pancreas is an endocrine as 
well as a digestive gland. Embedded in its 
substance are small groups of cells which 
differ from the rest. These are the islets 
of Langerhans (see Chapter V), which 


produce insulin, a hormone having the 
task of converting glucose into a form in 
which the body cells can use it. When the 
islet cells cease to function the patient 
develops diabetes. 

The ovaries in the female and the testes 
in the male (see Chapter XII) are not 
merely responsible for making reproduc- 
tive cells. They are endocrine glands as 
well, and are responsible for those changes 
(secondary sexual characters) which occur 
at puberty and denote sexual maturity. 
These include breast development and the 
onset of menstruation in the female, deep- 
ening of the voice and development of the 
genital organs in the male. 

Action of Sex Glands 

If the sex glands are removed from 
immature animals, the organs of repro- 
duction fail to develop properly and there 
are also changes in growth and the distri- 
bution of fat. The ovary produces two 
hormones called oestrin and progestin. 
Dotted about in the ovary are circular 
clumps of cells called Graafian follicles; 
every month one of these follicles grows 
larger and finally forms a tiny spherical 
cavity containing a ripe ovum. The cavity 
also contains fluid, and at this stage, the 
lining cells produce the hormone oestrin, 
which passes into the blood stream. 

The Graafian follicle in the ovary rup- 
tures, and the ovum passes into the 
Fallopian tube and thence into the uterus. 
Meanwhile the Graafian follicle has be- 
come filled with large yellow fatty cells 
derived from the lining, and at this stage 
is given the name of corpus luteum, or 
yellow body. The corpus luteum produces 
the second ovarian hormone, progestin. 
This is carried by the blood stream to the 
uterus, $nd causes it to prepare for the 
reception of the ovum. 

If the ovum is not fertilized by a 
spermatozoon, it is discharged at the next 
menstrual period in company with the 
discarded uterine lining; in that case the 
corpus luteum soon disappears from the 
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ovary. But if the ovum is fertilized, the 
corpus luteum grows steadily larger 
throughout pregnancy, and the progestin 
which it pours into the blood stream is 
responsible for the growth and efficient 
activity of the placenta, or afterbirth. 

The placenta is itself an endocrine 
gland. It produces two hormones, one of 
them being identical with oestrin and the 
other helping to maintain the growth of 
the corpus luteum. Thus the placenta and 
the corpus luteum are able to supplement 
each other’s activity. 

Sexual Development 

During pregnancy large quantities of 
oestrin, derived from the placenta, appear 
in the urine. This has been made the basis 
of a test for pregnancy devised by 
Aschhcim and Zondek, two German 
scientists. They injected a small quantity 
of urine from a pregnant woman into a 
sexually immature female mouse. After a 
few days the mouse was killed and its 
ovaries examined. Signs of sexual maturity 
were present in them: that is to say, some 
of the Graafian follicles had ripened and 
corpora lutea had been formed. This test 
has proved very useful, enabling doctors 
to make a diagnosis of pregnancy much 
earlier and more certainly than formerly. 



Fig. 9. Section of the spleen. Bands from 
the capsule which encloses the spleen form a 
framework , in the interstices of which is a 
pulpy substance composed of lymphoid tissue. 


The oestrin produced by the Graafian 
follicle is responsible for the development 
of the secondary sexual characters in the 
mature female. The ripening of the 
Graafian follicles at puberty sets in train 
the physical and mental changes which 
convert the little girl into a young woman. 
The hormone of the male sex gland is 
prepared by the interstitial cells which lie 
between the groups of cells that are later 
to develop into spermatozoa. The hor- 
mone is called testosterone, and it is 
responsible for the normal development 
of the sex organs and for the secondary 
sex characters, such as the breaking of the 
voice and the growth of the beard. It does 
not appear in the urine of boys until they 
arc about ten or eleven years old, but 
curiously enough it is present in the urine 
of normal women, though at present we 
do not know where it is formed in the 
female body or what purpose, if any, it 
serves there. 

Of the two gonadotropic hormones 
produced by the anterior lobe of the 
pituitary which act on the sex glands, one 
causes the Graafian follicles of the female 
to mature and is thus responsible for the 
production of oestrin, and the second 
comes into play when the ovum has been 
discharged from the Graafian follicle and 
stimulates the growth of the corpus 
luteum, thus being responsible for the 
formation of progestin. 

Both gonadotropic hormones act upon 
the testes, one stimulating the cells pro- 
ducing spermatozoa and the other the 
interstitial cells. Thus the pituitary plays 
a part in every endocrine activity. 

Thymus Gland 

In the infant the thymus gland lies in 
the lower part of the neck and extends 
down into the thorax behind the breast 
bone. It is made up of a cortex composed 
of cells resembling lymphocytes, and an 
inner portion in which round clusters of 
flattened cells, called the corpuscles of 
Hassall, are found. Their function, and 
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Fig. io. Section of the spleen , showing veins. The spleen is situated on the left side of the 
abdomen, its lower part resting on the left kidney. It manufactures white blood corpuscles 
0 lymphocytes ), and also acts as a reservoir for red corpuscles, which it liberates into the blood 
stream when need arises. It is also concerned with the destruction of worn-out red corpuscles. 


indeed the function of the whole gland, 
is not known. In any case, at puberty the 
thymus begins to get smaller, and by 
adult maturity has disappeared altogether. 
At one time an enlarged and persistent 
thymus used to be blamed for deaths 
under anaesthesia, though the mechanism 
by which disaster came about was never 
made very clear. Nowadays even that 
theory has fallen into disrepute, and we 
have to confess our ignorance of the 
purpose of the thymus. 

The spleen (Figs. 9 and 10) is the 
largest of the ductless glands. It is of a 
dark purplish-grey colour, being gorged 
with blood, is about five inches long, 
weighs some six ounces, and in shape is 
an elongated ovoid. It is situated on the 
left side of the abdomen, close to, and just 
behind, the cardiac end of the stomach, 


the lower part restmg against the left 
kidney. It is covered by a capsule from 
which bands pass into its substance, 
forming a kind of framework, in the inter- 
stices of which is a pulpy substance com- 
posed of lymphoid tissue. Distributed in 
this tissue are numerous small, round, 
whitish bodies known as Malpighian 
bodies or corpuscles. 

Lymphocytes are manufactured in the 
spleen, and it also acts as a reservoir for 
red blood corpuscles, a supply of which 
it liberates into the blood stream when 
need arises, as after haemorrhage. During 
foetal life, the spleen plays an important 
part in blood production; but later, in 
addition to its storage function, it is con- 
cerned with the destruction of worn-out 
red corpuscles. This gland does not appear 
to manufacture any special hormone. 
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In the course of a year, an average man 
takes into his body in the form of food, 
water and oxygen, about three thousand 
pounds of matter. What happens to it all ? 
Obviously he has not increased by any- 
thing approaching that amount in weight. 
Yet we may be quite sure that no matter 
has been lost (that is, utterly destroyed), 
though it may have changed its form; and 
we find, as a matter of fact, that a man 
loses from his body every year in material 
pretty much the equivalent in weight of 
what he has put into it. He may be a few 
pounds heavier or lighter by the end of 
the year, but that is neither here nor there; 
at most he will have gained or lost, except 
in cases of serious illness, about the 
equivalent of a day’s intake of matter. 

Bodily Expenditure 

Four principal means by which matter 
passes from the body are the lungs, the 
intestines, the skin, and perhaps most 
important of all, the kidneys. A nursing 
mother in addition loses a certain amount 
of matter in feeding her child, and there 
are various minor ways whereby loss is 
experienced, but normally the four methods 
named are the principal instruments of 
bodily expenditure. 

Water and carbon dioxide are, perhapj, 
the commonest products of all combus- 
tion. We get rid of these by our lungs. 


We may lose as much as a pint of water a 
day in our breath alone, and normally we 
lose about the same amount in the form 
of invisible perspiration from the skin. 
On a hot day, or if we engage in strenuous 
exercise, the loss of water in the form of 
sweat may be very much greater. A cer- 
tain amount is regularly lost, from the 
bowels in the acts of excretion; but the 
principal system by which water is nor- 
mally passed from the body is that which 
includes the kidneys and the bladder. 

Function of Kidneys 

The waste that is got rid of by means 
of the intestines is ordinarily matter that 
never in a strict sense entered into our 
bodily systems at all; that is to say, it has 
never been digested and carried away in 
the blood stream. The fasces are, in a real 
sense, the incombustible ashes, the rough- 
age, which passes through the alimentary 
canal unchanged. The great energizer of 
our body is the substance called glucose. 
The usable parts of most starchy and 
sugary foods, such as bread and rice, are 
converted into glucose. As a result of its 
combustion, that is, its combination with 
oxygen in the body itself, energy is liber- 
ated and the glucose and oxygen are con- 
verted into water and carbon dioxide. But 
the body needs for its health and main- 
tenance something more than sugar or 
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Fig. I. Kidneys and adjoining organs oj various vertebrate animals. All vertebrates 
possess some kind of kidney or organ corresponding to At and fulfilling the same function, 
though they are very different in shape from human kidneys, (a) Internal organs of frog 
(the overlying organs have been removed ): 1, Liver ; 2, gall-bladder; 3, pancreas ; 4, kidneys; 
5, spleen, (b) Section of body of frog: 1, Liver; 3, pancreas; 4, kidneys, (c) Organ corre- 
sponding to kidney ( renal organ ) of mussel: 1, Renal gland; 2, entrance or vestibule of gland; 
3, external aperture of gland, (d) Internal organs of shark (overlying organs removed): 
I, Main kidney tube; 2, side , or lateral 3 tube ; 3> right lobe of lung ; 4 , stomach ; 5, intestine. 
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other forms of carbohydrate. It needs, 
especially, a certain amount of suitable 
nitrogenous foods in the form of proteins. 
The elements that make up the proteins 
are present in every cell in our body and 
in nearly all our gland secretions, and they 
play an important part in every one of our 
vital activities. Cells are constantly break- 
ing down, and need repairing or replacing; 
as a result, there is a lot of nitrogenous 
waste to be got rid of. This waste is 
mostly soluble in water or blood, but 
cannot be reduced at body temperatures 
to a state of vapour, and cannot therefore 
be got rid of by the lungs. It is the prin- 
cipal function of the kidneys to get rid of 
the nitrogenous waste of bodily life and 
bodily activity. 

Kidneys in Vertebrates 

In all the vertebrate animals some kind 
of kidney or renal organ is to be found 
(Fig. iV Thev rake various shanes. and 
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only in mammals do they closely resemble 
human kidneys. One would have thought 
that in fishes, at any rate, no need exists 
for the provision of a separate receptacle 
for the urinary fluid secreted by the 
kidneys. Yet, as a fact, the great majority 
of fishes are provided with a definite 
bladder into which ureters empty. Her- 
rings and pilchards are among the few 
fishes that seem to have no bladder, their 
ureter, or ureters, opening directly at the 
surface of the body behind the anus. 

In reptiles, the kidneys much more 
nearly resemble those of birds and of 
mammals, though in serpents there is no 
bladder, and the ureters, as in the herring, 
open on the surface. 

The kidneys in man lie at the back o* 
the abdominal cavity at either side of the 
lumbar region of the spine (Fig. 2). They 
are about four inches long and their shape 
(Figs. 3 and 4) is characteristic enough to 
have given rise to the term kidney-shaped. 



Fig. 2. Position of kidneys in relation to other organs. 1 , Stomacn; 2 , spleen ; 3, kidneys 
at back of abdominal cavity; 4, pancreas; 5, part of small intestine (duodenum). The concave 
mside border of the kidney is called the hilum , and is attached to the canal down which urine 
flows to the bladder. The kidneys He at the back of the abdominal cavity , in the loin region. 
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Fig. 3. The kidneys and iheir attachments. 1, Gall-bladder ; 2, bile ducts, running from liver, 
3 , gland lying on top of kidney ( right suprarenal gland); 4 , right kidney ; 5 , channel running 
from pancreas to small intestine ( pancreatic duct); (>, first portion of small intestine ( duo- 
denum ); 7, tube by which urine flows to reach the bladder ( right ureter); 8 , main vein of lower 
part of body ( inferior vena cava); 9, main artery of body ( abdominal aorta); 10 , left supra- 
renal gland; 11, pancreas; 12, left kidney; 13, left ureter. The kidneys and their connexions 
with the bladder are the principal system by which the body gets rid of excess water 
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Each of them is vertically placed 
alongside the spine (Fig. 5), with its 
concave border facing inwards towards 
the mid-line of the body; this concave 
border is called the hilum of the kidney 
and affords attachment to the ureter, the 
canal down which urine flows in order to 
reach the bladder. 

Before birth the kidneys develop as 
lobules, which finally become fused into 
the smooth organ which we know; occa- 
sionally the lobulated appearance persists 
but gives rise to no ill effects. Sometimes 
the two kidneys are fused together at their 
upper poles — a condition known as horse- 
shoe kidney from the shape of the united 



Fig. 4. Kidney s, ureter and bladder. 1, 
Right kidney; 2 , main vein of body (1 inferior 
vena cava); J, main artery of body {aorta); 
4 , left kidney ; 5, tubes running from kidneys 
to bladder {right and left ureters); 6 , bladder. 



Fig. 5 - Cross-section of abdominal cavity , 
showing position of kidneys. 1, Spinal 
column; j, layer of fat enclosing kidneys; J, 
large intestine ; 4, kidnevs; 5, muscles of back 

organs; this, again, causes no trouble 
unless it becomes necessary to remove one 
kidney for disease. Very occasionally one 
Vidney fails to develop, in which case the 
other is likely to be specially large, and 
will apparently have no difficulty in 
efficiently carrying out the work of two. 

The kidneys are embedded in a thick 
layer of fat and are enclosed in closely 
fitting fibrous capsules: a sheet of fascia 
stretches in front of them and anchors 
them to the vertebral column and the 
lumbar muscles. All the other organs in 
the abdominal cavity have a certain degree 
of freedom of movement, and can shift 
gently in relation to each other, like boats 
riding in a harbour. But the kidneys are 
fixed in place by the fat surrounding them 
and by their restraining sheet of fascia. 
Occasionally a kidney may slip its moor- 
ings, and be found wandering round the 
abdominal cavity as a so-called floating 
kidney. Floating kidneys rarely give rise 
to trouble, but if they do they can be 
stitched into position again at operation. 

Each kidney is capped by a suprarenal 
gland (Fig. 6), a little triangular mass of 
glandular tissue which sits on the top of 
the kidney like a cocked hat. The supra- 
renals have nothing to do directly with 
the function or activity of the kidneys. 

When a kidney is cut across (Fig. 7), it 
is found to consist of a thick mass of 
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Fig. 6. Kidney and sup) annul gland, i, 
Gland lying over kidney (. suprarenal gland); 
2 , outer part of kidney (cortex); J, fibrous 
capsule containing kidney; fat layer; 5, 
ureter ; 6, vein of kidney (renal vein); 7, 
artery of kidney (renal artery); 3 , supra- 
renal vein; q, suprarenal artery. 


glandular tissue surrounding a cavity 
which opens at the hilum; this cavity is 
called the sinus, and is lined by a fibrous 
membrane continuous with the closely- 
fitting capsule covering the kidney. Urine 
is carried from the kidney to the bladder 
by means of the ureter (Figs. 6 and 7), a 
thin-walled narrow duct about twelve 
inches long, composed of unstriated muscle 
fibres and lined with mucous membrane. 

Pelvis of the Kidney 

At its upper end, the ureter widens into 
a funnel-shaped dilatation, which occupies 
the whole of the sinus and is called the 
pelvis of the kidney (Fig. 7). Below, the 
two ureters open into the urinary bladder 
near its base. The bladder (Fig. 8) is a 
highly muscular reservoir lying deep in 
the pelvic cavity between the pubic bones, 
in front, and the rectum behind; in woman, 
the uterus lies between the bladder and 
the rectum. A canal called the urethra 
carries the urine from the bladder to the 
outside of the body; in woman the 




Fig. 7. (A) Section of kidney: /, Outer layer (cortex); a, inner part (medulla); J, end of 
ureter (cut open); 4 , cone-shaped sections of kidney tissue (pyramids); 5, blood vessels; 6 , 
ureter; 7, funnel-shaped end of ureter (pelvis of kidney), (b) Pelvis of kidney with tissues 
removed: r, Cup-shaped growth at ends (calyces); a, pelvis ; 3, ureter. 
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Fig. 8. The bladder {A) distended, and (Bj contracted. /, Bladder ; a, muscular bladder wall. 
The bladder becomes distended if it is not emptied in the normal zvay through the urethra 


urethra is only about an inch long, but in 
man (Fig. 9) it measures seven or eight 
inches. The openings of the two ureters 
and of the urethra all lie within an inch 
of one another, forming a triangle at the 
base of the bladder. Urine passes down 
the ureters at intervals, propelled by the 
involuntary muscle fibres in their walls. 
The urethra is closed by a sphincter which 
is under the control of the will. The 
bladder is lined with mucous membrane 
(Fig. 10), resting on a submucous layer; 
it is invested in a muscular coat consisting 
of three layers of unstriatcd or involuntary 
fibres — an outer and an inner layer of 
longitudinal fibres and a middle layer of 
circular fibres. It is thus, like the stomach, 
an extremely stout and resistive organ, 
which is rarely ruptured except when the 
pelvis itself is fractured. When escape of 
urine through the urethra is prevented, 
the bladder may become greatly distended 
(Fig. 8), rising up into the abdominal 
cavity as a smooth rounded swelling. 
Normally the bladder remains a pelvic 
organ; when it reaches a certain degree of 
distention, the desire to micturate is 
experienced; the sphincter of the urethra 
is voluntarily relaxed and, by a reflex 
action, the involuntary muscle fibres 


in the bladder wall contract, forcing 
the urine through the urethral canal. 

Urine is derived from the blood and 
formed by the activity of the cells of the 
kidney. When a kidney is cut across it is 
found to have distinctive markings which 



Fig. 9. Canal connecting male bladder with 
outside of the body {urethra). /, Front end 
{fossa navicularis ); 2 , bulbous portion ; 3 , 
membranous portion; 4 , section connected 
with prostate glands; 5, bladder; 6 , section 
of pelvic arch. The male urethra is about 
seven inches long , the fema ] e only an inch. 
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are visible to the naked eye. Near the of minute uriniferous tubuJes (Fig. I2 ) 

concave border is the irregular cavity, the lined with epithelial cells. In die cortex 

sinus, lined by the dilated upper portion these tubuJes are closely associated with 

of the ureter (the pelvis of the kidney); blood vessels and follow a tortuous course, 

projecting into this cavity are many little In the medulla the tubules are straight 

conical prominences of kidney tissue, the and unite with each other to form larger 

pyramids (Fig. 11). Each of these pyra- tubules which eventually open on the 

mids lies with its apex in the pelvis and endings, or apices, of the pyramids, 
its base embedded in the substance of the Each tubule begins as a rounded dilata- 
rest of the kidney; together the pyramids tion folded in upon itself to form a cup. 
make up the inner or medullary part of In this cup lies an intricate knot of 

the kidney (Fig. 7). The cortex, or outer capillary blood vessels derived from the 

part, is darker in colour than the medulla, rich blood supply to the kidney. These 
and forms a comparatively narrow layer tufts of capillaries are called glomeruli 

lying near the surface of the kidney just (Fig. 13), and the cup in which each of 

under the capsule. them lies is called the glomerular capsule 

Glomeruli are found only in the cortex of 
Blood Vessels the kidney and arc responsible for its 

Under the microscope the difference in darker colouration. The capsule, as we 
appearance between cortex and medulla is have seen already, is only the dilated 

explained. The kidney is entirely made up beginning of a tubule destined to carry 



Fig. 10. The bladder, (a) Interior of bladder: 1 and 2, Tubes running from kidneys to 
bladder ( right and left ureters ); J, canal from bladder to outside of body (urethra), (b) Section 
of bladder tissue: 1, Submucous layer; 2, mucous membrane; 3, 4 and 5, layers of muscle fibre. 
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Fig. ii. (a) Pelvts of kidney opened to show endings of pyramids: /, Outer layer {cortex), 
2, endings {apices) of pyramids forming inner parti 3, ending of ureter {pelvis of kidney ), 
4, ureter, (b) Apices of pyramids of kidney: 1, Edge of cup-shaped tubes at end of ureter 
{calyces); 2, apex of pyramid; 3, endings of tubes 



urine to the pelvis of the kidney; the first 
part of this tubule is twisted but it soon 
straightens out and becomes narrower, 
forming a deep loop which dips down into 
the medulla, the loop of Henle (Fig. 12). 
The ascending limb of the loop of Henle 
runs up into the cortex again, until it is 
almost alongside the glomerular capsule 
from which it arose. Here the tubule again 
becomes twisted for a short distance 
before entering a straight, or collecting, 
tubule, which plunges straight down 
through the medulla to open on the apex 
of one of the pyramids. 

The complicated course of the kidney 
tubules has a purpose; the manufacture 
of urine is no simple feat, and each part 
of the tubule has a special task to.perform. 

The blood supply of the kidney reaches 
it through the renal artery (Fig. 6 ), which 
divides into a series of arches running 
between the cortex and medulla. From 
these arches smaller vessels are given off 
which penetrate the cortex and send out 


the twigs which form the glomeruli; the 
blood leaves a glomerulus by way of a 
small vessel which quickly branches to 
form a network round the uriniferous 
tubule. Thus the blood vessels of the 
kidney are associated in the closest pos- 
sible manner with the capsules and tubules 
in which the urine is formed. 

Action of Kidneys 

Physiologists have had many disagree- 
ments as to the way in which the kidney 
does its work. Of late years, however, it 
has been more or less agreed that it 
manages to produce urine partly by allow- 
ing it to filter through the glomerular 
capsules and partly by manufacturing 
or secreting it through the cells of the 
tubules. From the vessels forming the 
glomerular tuft, water containing salts in 
solution filters into the capsule and passes 
into the uriniferous tubule. This water 
solution has to be concentrated as it passes 
down towards the collecting tubule, 
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because if passed in bulk, as it filters 
through the capsule , it would drain too 
much fluid out of the blood and leave us 
dehydrated and perpetually thirsty. Water 
is therefore re-absorbed into the blood- 
stream through the walls of the tubules. 

The substances in solution which filter 
through the capsule are simple inorganic 
salts of sodium, potassium, calcium and 
ammonia, mostly in the form of phos- 
phates. Sodium chloride, or common salt, 
is present in the urine in considerable 
quantity, being taken abundantly in an 
ordinary diet. Urine is normally acid in 


reaction, thanks to the presence of acid 
phosphates; its pale yellow colour is 
derived from bile pigments in the blood. 

In addition to inorganic salts, urine ' 
contains the organic products of protein 
breakdown, chiefly in the forms of urea 
and uric acid (Fig. 14). These substances 
do not filter through the capsule but are 
secreted directly into the tubules by the 
cells lining their walls. The process of 
secretion is not a passive oozing, like the 
process of filtration, but the result of 
definite activity on the part of the tubules 
—a process of biochemistry which can 



Fig. 12. Small tubes which make up kidney {tubule). i } Capsule containing blood vessels 
{glomerular capsule ); a, knot of blood vessels {glomerulus); 3 , tube producing urine ; 4, vein 
running between tubes of kidney {interlobular vein); 5, artery running through kidney 
{interlobular artery); 6, renal artery; 7, renal vein; S 3 outer layer of kidney {cortex); 9, inner 
layer {medulla); 10 , loop of tube running into medulla {loop of Henle). 


body’s supply of fluid 


only be carried out by living cells. The 
cells of the kidney tubules are the only 
cells in the body which can extract the 
end-products of protein metabolism from 
the blood; their importance is therefore 
enormous. If, owing to failure of these 
cells, urea and uric acid are retained in the 
blood stream the unfortunate sufferer 
from uremia, as this disorder is called, is 
slowly poisoned by the products of his 
own activity. Luckily, nephritis, or in- 
flammation of the kidneys, rarely damages 
all the tubules, of which there are some 
thousands in each kidney. 

The average amount of urine passed by 
an adult in twenty-four hours is about 
three pints; but the individual amount 
varies enormously according to season and 
personal habit. On hot days, when we lose 
a lot of water by perspiration, the urine is 
comparatively scanty. The man who 
drinks a pint of beer every two or three 
hours will need to pass a lot of fluid. But 
we must drink more fluid than will barely 
replace our loss by the lungs and by the 
skin, to meet the demand of the kidneys 
for enough water to dissolve and get rid 
of the nitrogenous waste substances, 



Fig. 13. Knot of blood vessels forming 
beginning of tubules of kidney (glomerulus). 
m.h.b. — H* 
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Fig. 14. Uric acid crystals. These crystals , 
contained in urine , are the organic products 
extracted from protein by the kidneys. 


which would be poisonous if they re- 
mained in the body. 

It takes a pint and a half of water to 
get rid of 500 grains of urea, which is 
about the average amount eliminated by 
a healthy man every day. A patient living 
without water or food of any kind lost 
nearly a pint of water daily through the 
kidneys alone. Fasting men can lose 
nearly all their stored glycogen, and 
nearly half the protein and fat built into 
their body structure, without running any 
great risk to life, whereas a loss of even 
twenty per cent of the body’s water con- 
tent is invariably fatal. The danger of 
dysentery and of cholera lies largely in the 
incessant diarrhoea which often character- 
izes these diseases. The important thing 
is that the fluidity of the blood shall be 
kept in uniform condition; and it is 
notable that when the total amount of 
water in the body falls below normal, the 
last tissue to become modified is the 
blood. The kidneys cannot help whenthere 
is a deficiency, but when there is an excess, 
their function is important. 

Children, who normally take a good deal 
of fluid in their diet, manufacture more 
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urine than adults in proportion to their 
size; a child of five, for example, will 
manufacture nearly half as much as an 
adult. An increase in blood pressure will 
increase the flow of urine, so that exercise, 
anxiety and excitement may be counted 
upon to have this effect. Exercise acts in 
two ways, by raising the blood pressure 
and hence increasing the rate of filtration 
through the glomerular capsules, and by 
throwing into the blood stream those 
products of protein breakdown which are 
generated by muscular activity; the cells 
of the kidney tubules, stimulated by the 
presence of these products in the blood, 
hasten to remove them. 

Effect of Excitement 

The effect of excitement on the secre- 
tion of urine is well known to any one 
who has taken a child to the pantomime. 
The urine on such occasions is abundant 
and pale, consisting mostly of water which 
has filtered through the capsules as a 
result of a rise of blood pressure. Cold 
weather also provokes an increased flow, 
and so does a moist atmosphere. Both of 
these act by reducing the loss of moisture 
from the skin in the form of sweat; the 
kidney accepts the task of eliminating the 
extra fluid. The body needs to be con- 
stantly flushed through with water if it is 
to remain healthy. If the skin will not 
help to maintain this flushing process, the 
kidney must do extra work. 

Conversely, anything which increases 
the loss of water in the form of sweat will 
reduce the output of the kidneys. After a 
hard bout of exercise the urine is scanty 
and dark in colour, being concentrated by 
the absorption of much urea as it passes 
down the tubules. Medicines given to 
promote sweating have the same effect, 
and so do Turkish baths. The kidneys, 
ever prepared to give and take as body 
economy demands, balance the loss of 
fluid in the form of sweat by allowing a 
larger proportion of the fluid which has 
filtered out of the blood to be drawn back 


into it. These activities make it clear why 
such a complicated blood supply is neces- 
sary to the kidneys. The capillary tufts in 
the glomeruli pour fluid in bulk into the 
capsules; the network of vessels round the 
tubules perform the double function of 
receiving back the excess fluid and of 
providing the tubule cells with an oppor- 
tunity of extracting waste protein products 
from the blood stream. 

Effects of Disease 

In fevers, the urine is notoriously 
scanty and concentrated, owing to the 
loss of fluid by sweating and by increased 
activity of the lungs. In diabetes the flow 
of urine is increased; it is pale in colour, 
and judging from its watery appearance, 
might be thought to contain few sub- 
stances in solution. When it is examined, 
however, it is found to be heavily loaded 
with sugar, a constituent absent from 
normal urine; in order that the urine may 
carry this dissolved sugar the kidney must 
allow far more water than usual to pass 
unabsorbed down the tubules. The urine 
is dilute as far as its other constituents 
are concerned. 

In nephritis, albumen appears in the 
urine, showing that the tubule cells, 
instead of exercising their usual powers 
of discrimination, are allowing substances 
to escape which ought to be retained in 
the blood. Albumen is an important con- 
stituent of blood plasma, and the healthy 
kidney never permits it to pass into the 
urine. The presence of albumen in the 
urine therefore is generally a sign of 
damage to the kidney, though it some- 
times appears temporarily in the course 
of fevers or following general anaesthesia, 
and in these circumstances has no serious 
significance. Inflammation of the bladder 
may also cause albumen to appear in the 
urine; but in this case it is derived from 
the blood and pus cells which are also 
present, and disappears as soon as the 
inflammation subsides, and the bladder 
recovers its normal condition of health 
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I he principal sensory organs associated 
with the skin have been already men* 
tioned. The importance of these organs 
can hardly be exaggerated. Much less im- 
portant to man from the point of view of 
self-preservation is his sense of smell, 
though in other animals it is extremely 
valuable, and in some cases of at least 
equal value with the senses of sight or 
hearing so prized by humans. 

When our evolutionary ancestors took 
to walking on their hind legs only, using 
their fore-limbs for clutching and seizing, 
lifting their noses high in the air and, at 
the same time, greatly extending the area 
of possible vision, their sense of smell be- 
came less helpful to them. Gradually it 
began to be rather a source of aesthetic 
gratification than a guide to edible prey 
or to the proximity of dangerous neigh- 
bours. Yet, in what we may call our 
sensory world, our olfactory structures 
continue to play a quite important part. 
It is still no small deprivation to lose the 
sense of smell. 

Taste and Smell 

We owe more to this sense than many 
of us are aware. Nearly all the gratifica- 
tion that we commonly attribute to our 
sense of taste is not due to that sense at 
all, but to the sensitiveness of the olfac- 
tory receptors in the nose. Professional 


tasters ot tea and ol fine wmc are 
accustomed to place some of the fluid in 
their mouths and then to breathe out 
from the nostrils, thus causing the va- 
porous aroma to pass over the olfactory 
membrane. The range of sensibility of the 
receptive organs of taste proper is very 
limited, although taste and discrimination 
are now identical in meaning. 

Taste-buds 

The gustatory receptors are the taste- 
buds (Figs, i and 2). These are arranged 
about the so-called vallate papilla: situ- 
ated near the middle of the upper surface 
of the tongue. There are two or three 
hundred taste-buds to a single papilla. The 
taste-cells with their fine nervous con- 
nexions are inside these taste-buds. The 
chemicals which give rise to the sensation 
of taste enter the taste-buds through 
minute pores opening into the cavity of 
each. Not all these taste receptors are 
equally susceptible to the stimuli giving 
rise to the four elementary taste sensa- 
tions of sweetness, bitterness, sourness 
and saltness. Those taste-buds towards 
the back of the tongue are more sensitive 
to bitter taste stimuli; those near the tip 
are more sensitive to sweet and salt; and 
those at the sides to sour and salt. It is be- 
cause the sense of taste is so limited that 
most people find that what they call their 
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taste almost completely disappears when 
they have a bad cold in their nose. 

The nose is separated from the mouth 
by the palate, to which in ordinary con- 
versation we attribute a sensitiveness to 
which it can lay no claim. The palate ends 
before we come to the point at which the 
nostrils join the mouth cavity. So, also, 
does the septum (Fig. 3) of the nose 
which divides the anterior space into two 
nostril cavities. From this point onwards 
the nasal passages are to be regarded 
merely as passages for air on its way to the 
lungs. It is only at the topmost part of the 
nostrils that the receptive surfaces re- 
active to smells exist; that is why we sniff 
slightly when wc wish to enjoy the 
fragrance of a rose or lily. 

In order to be smelt by us, any ex- 
ternal object, be it a spray of lilac, a 
Fig. 1. The tongue, showing parts susceptible rasher of bacon or a cake of soap, must 

to particular tastes. 1 , Part of tongue chiefly give off particles of vapour, and this 

susceptible to sweet and salt taste; 2, sour vapour must be soluble in, or mixable 

and salt taste ; 3, bitter taste. with, the mucus with which the sensitive 



Fig. 2. Two taste-buds from the tongue , highly magnified. The taste-buds are situated near 
the middle of the upper surface of the tongue , and contain minute taste-cells , which have 
delicate nervous connexions and which are responsible for the various sensations of taste. 





Fig. 3. (A) Back view of vertical section of cavities of nose (nasal fossa) : 1, Wedge-shaped 
bone, at back of nose ( sphenoid bone); 2, division between nostrils ( nasal septum ); 3, air space, 
or sinus, in upper jazubone (antrum of Highmore), (b) Outer wall of left nostril: 1, Bom 
of forehead; 2, nasal bone; 3, upper jawbone; 4, air space in sphenoid bone (sphenoidal 
sinus); 5, 6 and 7, projections from the wall of the nostril (superior, middle and inferior 
turbinate bodies); 8, ) and 10, recesses between the turbinate bodies (superior, middle and 
inferior meatuses). The front passages of the nose are merely air passages. 


olfactory membrane is kept covered. The 
immediate provocants of the receptors of 
smell are thus more tangible than those 
vibrations of air or ether which provoke 
the receptible nerve endings of sight or of 
hearing, though even less tangible than 
are those solids or liquids which provoke 
the few true sensations of taste. 

Of course, not all gases and vapours 
are odorous. The normal constituents of 
the atmosphere do not produce any im- 
pression on our olfactory sense. From a 
utilitarian standpoint, it is not difficult to 
realize how desirable it is that smells of 
decomposing meat should be repellent to 
us, but it is not immediately obvious why 
the smell of lilies of the valley or of other 
flowers that we class as agreeably frag- 
rant should seem to us as pleasant; for 
these things are not edible nor, so far as 
we know, can they be in any way helpful 
to our bodily functioning. 

The external nose, which we all take 
for granted as the most prominent feature 
on the human face (Fig. 4), is a sort of 


pyramidal triangle composed partly ol 
bone, partly of cartilage, both tissues 
being covered with muscles and skin. 
The bridge, or bony part of the nose, is 
made up of parts of the superior maxil- 
lary bone and of the two nasal bones (see 
Chapter I). Extending from them for- 
wards are two lateral cartilages which 
make up the basic structures of the ridge 
and tip of the nose. Smaller cartilages, 
attached to these form the so-called 
wings, or alae. Internally, the cavity is 
divided into two by a septum (Fig. 3), the 
chambers on either side of which are 
wide at their outer end. The external 
openings, or anterior nares, measure in 
the average adult about one inch from 
front to back and about half an inch 
across. The hindermost openings of these 
two nostril tubes are called the posterior 
nares, and there they connect with the 
nasal pharynx at the back of the nostrils. 

Between the anterior and the posterior 
nares the nasal canal, or fossa, communi- 
cates also with air spaces, or sinuses, 
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(Figs. 5 and 6) situated in the spongy 
parts of four b ones, the frontal, the eth- 
moid, the sphenoid and the superior 
maxillary. The dividing septum is partly 
bony, partly cartilaginous. The septum 
is rarely placed strictly in the centre, 
being almost always a little deflected to 
one or the other side, thus dividing the 
nasal passage into two unequal parts. The 
walls of these parts are uneven in struc- 
ture owing to the projection of small 
rounded structures known as the tur- 
binate bodies (Fig. 3). These partly di- 
vide each fossa into three recesses, 
termed the superior, middle and inferior 
meatuses (Fig. 3). The superior meatus, 
which is very small, lies between the 
superior and middle turbinate body; the 
middle meatus lies between the middle 
and inferior turbinates, and the inferior 
meatus, which is the largest, lies between 


the inferior turbinate and the floor of the 
nostril. It is into the inferior meatus that 
the nasal duct, leading from the lachry- 
mal gland at the inner corner of the eye, 
opens. The lining membrane of the nasal 
cavity is continuous with that of the 
pharynx, the Eustachian tubes (Fig. 19) 
and the four accessory sinuses in the 
spongy bones adjacent to the nose. By a 
reverse route, infection may pass from 
the nostrils themselves. 

The largest of these accessory sinuses 
is that in the superior maxillary bone, and 
is known as the antrum of Highmore 
(Fig. 5). Into it often project the roots of 
the molar teeth covered with but a thin 
membrane. Owing to this fact, infection 
of the antrum may arise through septic 
condition of the teeth. As compensation, 
an infected antrum can sometimes be suc- 
cessfully drained by extracting one of the 



Fig. 4. Bones and cartilages of the nose, i, Side view of outer nose. The upper part , or 
bridge, is made up of part of the upper jawbone and the two nasal bones. From them extend 
cartilage structures,' 2 , view of the cartilages from below, showing nostrils and (a) the wings 
of the nose (alee); 3, division between nostrils ( nasal septum ); 4, front view of nose. 




MEMBRANE OF NOSE 



Fig- 5 - Parts of nose, i , Air space in upper 
jawbone (< antrum of Highmore); carti- 
lage; 3) air spaces in bones of forehead 
(, frontal sinuses); tear gland ; 5, channel 
from tear gland ( nasal duct); 6, wings of nose 

molar teeth. The frontal sinuses arc, as 
their name implies, situated in the fore- 
head above the orbits. They are separated 
from the brain by very thin bony plates. 
As a consequence, infection of these 
sinuses is to be regarded as a grave mat- 
ter. The plates of bone which separate the 
ethmoidal and sphenoidal sinuses from 
the brain cavity are also thin; conse- 
quently infection of these also involves 
very serious possibilities. 

Olfactory Nerves 

It is in the mucous membrane lining 
the surfaces of the ethmoid bones at the 
higher parts of the nasal cavity that the 
sensitive endings of the olfactory nerves 
(Fig. 7) are situated. When we are 
breathing quietly and ordinarily, poten- 
tially odorous particles, unless present in 
large quantity, are likely to be held up by 
the intrusive turbinate bodies. Therefore, 
when we deliberately want to smell some- 
thing, we repeatedly sniff more or less 
vigorously, so that the air in which these 
particles are suspended may pass to the 
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higher regions of the nasal canal, where 
they can come into contact with the end- 
ings of the olfactory nerve. In so doing, 
we usually close the mouth so that all the 
inhaled air may pass through the nose, 
with the certainty that some of it will re- 
place the stagnant air in contact with the 
olfactory membrane. 

A word as to the microscopic structure 
of the lining membrane of the nasal pas- 
sages. The lower part of the nostrils has 
no function in relation to the sense of 
smell; it closely resembles the lining of 
the windpipe and other breathing pas- 
sages. On the surface, it consists of a wall 
of minute columnar cells provided with 
cilia, or microscopic surface brushes, 
which sweep along the mucus with any 
particles entrapped in it. Beneath this 
layer, or interspersed in its course, are to 
be found the goblet cells which secrete 
the mucus. Deeper still is a layer of 
fibrous tissue containing many lymph 
corpuscles, some aggregated into masses 
of adenoid tissue, which is similar to that 
of the tonsils. 

The lining membrane of the upper 
part of the nasal cavity is different from 
that of the lower part, being brownish in 



Fig. 6. Openings of sinuses into nose, i and 
2, Frontal sinus and opening; J, opening of 
sinus in ethmoid bone; 4 , opening of channel 
from tear gland; 5, opening of sinus in jaw- 
bone; 6 and 7, sphenoidal sinus and opening. 
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colour, and rarely furnished with cilia. 
The surface cells in this region are spire- 
shaped, with the point directed away from 
the surface. Between the apices of these 
cells are to be seen spindle-shaped 
sensory cells, from each of which pro- 
trudes towards the surface, between the 
bodies of the spire-shaped cells, a micro- 
scopic rod which opens out into several 
fibres where it emerges on the surface. It 
is by coming in contact with these tiny 
fibres that aromatic particles stimulate 
the olfactory nerve and produce in our 
mind the sensation of smell. 

The fine olfactory nerve fibres which 



Fig. 7. Nerves of nose, i, Branches from 
nerve of smell (< olfactory nerve); 2 , nerve 
structure {olfactory bulb ) connected with 
brain; 3, connexion with brain {olfactory 
tract); 4, air passage; 5 , throat. 

constitute the receptor organ are associ- 
ated with, or incorporated in, the pro- 
jecting rods. These terminal nerve fibres 
(Fig. 8) are branches of fusiform nerve 
cells lying directly beneath the surface 
layer of cells. Branches from these cells 
nm to join a nerve structure called the 
olfactory bulb, which is in direct nerve 
relation with the interpreting olfactory 
centre in the brain. There the message is 
decoded, with the resulting effect on our 
consciousness which we call this or that 
smell or fragrance. This olfactory lining 
membrane in the upper part of the nose is 


kept constantly moist by mucus, and over 
it air passes in the process of inspiration 
and expiration, though there is very little 
movement of air in the layer immediately 
adjacent to the surface membrane. 

We have said that the sense of smell in 
man today is very much less acute than in 
many other animals. It is thought, for 
example, that the acuteness of the olfac- 
tory sense of a dog may, in some cases, be 
many thousand times greater than that of 
the average man. But even man can 
recognize by smell the presence of one 
twenty - five - thousand - millionth of a 
gramme of the alcohol called mercaptan 
diffused in a quart of air, or one part of 
vanillin diffused in ten million parts of air. 

No one who has learned to appreciate 
and discriminate between the almost un- 
limited variety of fragrances yielded by 
flowers and leaves can doubt for a mo- 
ment the greatness of the possibilities of 
pleasure afforded by the sense of smell. 

Variety of Scents 

Most people are acquainted in a general 
way with the characteristic smells of 
violets, of hyacinths, of pinks and of 
lilac ; and all these are delicious. But the 
dozen or two sweet scented flowers 
which, for most people, complete the tale 
of garden fragrance, give but the merest 
hint of the multitude and of the variety of 
scents which the garden can be made to 
yield. The distinctive scents of the roses 
alone cannot be counted on the fingers of 
the two hands. The daphnes, the honey- 
suckles, the different kinds of clematis, 
the mignonette, the cowslip — but the list 
is endless. And when we have finished 
with the flowers, there is the lengthy cata- 
logue of plants whose aromatic leaves are 
no less satisfying and stimulating. A gar- 
den of scented plants is as charming and 
almost as interesting at night as in the 
day; and may give almost as much happi- 
ness to the blind as to the seeing. 

Yet it is doubtful if man’s longevity 
would be materially lessened if his sense 
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of smell disappeared altogether. Our real 
danger is not one of over-valuing an un- 
important possession, but of neglecting 
and wasting a possible source of infinite 
pleasure and aesthetic enlightenment. No 
doubt the sense of smell owes its some- 
what lowly place in our scale of values 
largely to its failure to get the credit for 
the impressions it enables us to receive, 
nine-tenths of our olfactory sensations 
being customarily put down to the 
account of taste. But remembering the 
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hours earlier — by the stag or the hare; 
but are we so sure that we are comparing 
identical senses ? In any event, it must be 
recognized that we apply our sense of 
smell — as indeed our other senses — to a 
great many purposes unknown in the 
life of our evolutionary ancestors. 

Neither knowledge, nor even sensa- 
tion, was the original purpose or function 
of sense organs. At first, their only func- 
tion was as what have been called “trig- 
gers of reflex action.” Sensation was a 



Fig. 8. Cells of the olfactory nerve, (a) Cells and nerve fibres; panicles coming into contact 
with these fibres stimulate the olfactory nerve. (B) Single nerve fibre enlarged, (c) Section of 
olfactory mucous membrane showing nerve fibres. These cells are in the upper part of the nose 


tea taster and the wine taster — to say 
nothing of the gastronome — it may well 
be doubted if our olfactory sense has 
really degenerated. All those flavours and 
aromas, the recognition of which makes 
up the taste of the epicure, are not 
really matters of taste in the least; they 
are all matters of smell. 

It is true that none of us can, like the 
spaniel, scent the footprints left by 
the pheasant; or, like the hound, run un- 
erringly along the line followed— perhaps 


later, and knowledge a much later de- 
velopment. Biologically, the sense of 
smell is intimately related to two great 
primal facts of human existence, food 
and sex; and it is still with the physio- 
logical aesthetics of these aspects of life 
that it is largely associated. 

All the same, we should be in a bad 
way if we relied solely on our noses to tell 
us what foods to eat and what to avoid. 
The attraction of cyanide of potassium, 
with its suggestion of almonds, would 
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outclass the perfectly conditioned gor- develop a sensitiveness of touch that ap- 

gonzola every time. Nevertheless, the pears almost uncanny to those who have 

sense of smell does still serve a useful pur- eyes to see with. So also often with their 

pose in connexion with food and eating, other senses. Blind masseuses and blind 

For it is in great measure the flavours and piano tuners afford obvious instances, 

aromas of food which, in a purely reflex Epicures in wine often close their eyes 

manner, set into activity the processes of almost unconsciously when savouring a 
the digestive machinery. fine vintage; the same trait may often be 

observed among keen appreciators of 
Sense of Sight music and those wishing to extract the 

The sense of sight is in many ways the maximum of pleasure from the fragrance 

most wonderful, as it is certainly the of a flower. It seems that the intensity of a 

most valuable, of all our senses. Since our- sensory impression is increased by the 

assumption of the upright position, we closing down of other sensory gateways, 

have come more and more to rely upon 

our eyes, and less and less on our nose, or Differences between Individuals 
even our ears, for guidance as to the There is, especially in the case of sight 
nature and position of external objects, and sound, a marked difference in the 

We have shown ourselves persistently impressions created in the mind by the 

anxious to improve and extend our senses same sensory impact on different indi- 

of sight and sound by means of scientific viduals. There is little resemblance be- 

inventions — spectacles and earphones, tween the physical aerial vibrations set up 

microscopes and microphones, tele- by the instruments of an orchestra and 

scopes and telephones-— whereas we have the varying sound reactions and interpre- 

devoted little, if any, ingenuity to the dis- tations provoked in the minds of the 

covery of means whereby our sense of listeners. Nor is there any obvious 

smell may be amplified, or our senses of resemblance between the assumed vibra- 

touch and of temperature intensified. tions of equally assumed ethereal parti- 

By practice and special training nearly cles said to occupy space and to stimulate 

all our senses can be rendered more our receptive organs of sight, and the 

acute and more discriminating. Through mental impressions which we call “things 

sheer necessity, almost all blind people we see.” We certainly do not sec the 

vibrations or the ethereal 
particles; we see oranges, 
or cornfields with poppies 
in flower, or tables, or 
words in a book. No more 
is the decoding of the 
visual impressions per- 
formed identically by all 
human individuals, so 
large a part is played in 
the act of interpretation 
by association, by experi- 
ence, and by what we must 
call abstract thought. 
The real mystery lies not 
so much in the receptive 
Fig. 9. Section across the eyeball showing names of its parts. organ of sight, the eye, 
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Fig. 10. Bones q / the eye socket. The eye socket is contained in a cavity made up of seven 
bones of the face. 1 , Bone of the forehead {frontal); 2, bone of the nose {nasal); J, bone of 
the arch of the cheek {zygomatic); 4 , jawbone {maxillary); 5, bone containing sieve-like 
{cribriform) plate through which smell nerves pass {ethmoid); 6 , bone containing channel 
from tear gland {lachrymal); 7, wedge-shaped bone of face {sphenoid). 


as in the interpreting organ where mind 
and body, by means incomprehensible to 
us, become inter-blended or continuous. 

What we call the eyeball (Fig. 9) is an 
almost spherical structure protectively 
situated in a ball-shaped socket of the 
skull (Fig. 10), the walls of the cavity 
being made up of parts of seven bones of 
the head and face. It is padded round 
with fatty tissue which prevents it from 
being bruised against the bony walls of 
the eye socket. At the back it is directly 
connected with the brain by a sort of 
stalk, the optic nerve. Its most essential 
part is, indeed, a direct outgrowth of 
the brain. 

Eyelids and Eyebrows 

The eye is still further protected in 
front by the structures we know as the 
eyelids and the eyebrows (Fig. 11). The 
eyebroWs form a protective ridge which 
is furnished with a linear growth of hair 
serving' to divert particles of dust and 
drops of sweat from the forehead which 
otherwise might fall into the eye. Only 


people who avoid physical activity can 
have their eyebrows plucked without 
risk of injury. The eyelids are thin, 
flexible shutters which protect the front 
of the eyeball. They are composed out- 
side of skin, and arc lined on the inner 
side with a delicate membrane called the 
conjunctiva, which is continuous with the 
membrane covering the front of the eye- 
ball. At the margin of the eyelids are nar- 
row strips of cartilage which tend to stiffen 
them and make them fit well together 
when closed. The edge of the lower eye- 
lid is nearly straight, that of the upper one 
is arched. Both lids can be moved in the 
process of bringing them together so as 
to close the eyes, but the upper one 
moves much more freely than the lower, 
and can be lifted considerably at will. 
The upper lid has a special muscle to draw 
it up, but when the eye is closed a single 
muscle tends to bring the lids together. 

The edges of the lids are fringed with 
lashes designed to entangle and arrest 
particles of dust on their way into the eye, 
but fortunately we need not depend on 
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the lashes alone for this service;* the eye- 
lids themselves are the most effective de- 
fence of the eye. The lid muscles are 
under the control of the will, but they are 
also executors of the fastest reflex move- 
ment in the body. When a flying particle 
approaches the eye the lids clap them- 
selves together and save the precious eye- 
ball from harm well before the brain is 
notified of the danger. 

Under each lid is a kind of pouch into 
which particles of dirt or small insects 
are apt to make their way, causing much 
irritation. These can be dislodged only by 
folding the upper lid upwards on itself, or 
by drawing the lower lid down with the 
finger until its lining is exposed. Within 


small tubes, one in the upper lid and one 
in the lower. These soon join to form a 
single tube leading to a small cavity 
known as the lachrymal sac. From here 
proceeds the nasal or tear duct which 
opens below into the inferior meatus of 
the nose (Fig. 3). The tears, in passing 
across the surface of the eye, help. to keep 
it clean, washing along all minor particles 
that fall on it. Normally, the lachrymal 
fluid is sufficient only to keep the surface 
moist, but greatly increased production of 
tears results when an irritating foreign 
body impinges on the eye, when irritating 
vapours are inhaled through the nostrils, 
or under the stress of emotion. The pro- 
duction of this fluid may be so great as to 



Fig. 11. Eyelids and eyebrows. The eyebrows form a protective ridge above the eyes with a 
growth of hair to divert dust and sweat. The lids and eyelashes protect the front of the eyebaV 


the row of eyelashes are the openings of 
little sebaceous glands, the so-called 
Meibomian glands, which produce an 
oily secretion that keeps the surface pli- 
able and prevents the lids from sticking 
together. Sometimes one of these tubes 
becomes blocked, and the gland conse- 
quently enlarged. We then have either a 
small abscess— a stye— or what is known 
as a Meibomian cyst. 

Underneath the bony projection at the 
outer corner of the eye socket is the 
lachrymal gland (Fig. 12), which secretes 
or manufactures the thin watery fluid we 
know as tears. This fluid passes constantly 
across the surface of the eye to its inner 
comer, whence it is carried off by two 


outdo the carrying capacity of the nasal 
duct. Tears then overflow from the eyes 
and stream down the face, resulting in the 
phenomenon known as crying. 

The eyeball itself (Fig. 9) is about an 
inch in diameter, and its limiting wall con- 
sists of varying layers, each of which has 
its distinct and important function. The 
outer layer is called the sclerotic coat. 
This is very tough, being composed of 
fibrous and elastic tissue. What we call 
the white of the eye is a part of the 
sclerotic membrane. In the very front of 
the eye, this tissue is continuous with the 
circular transparent plate called the 
cornea. The cornea together with the 
white of the eye is covered by a layer 
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Fig. 12. Tear gland and connexions. (A) bront view of eye : /, Tear gland and us channels , 
2 , tube carrying tears from the eye {lachrymal canal); 3 , muscle tendon; 4 , papilla; 5, cavity 
in which tears collect {lachrymal sac), (b) Side view of eye: 6, Tear gland; 7, channels 
leading from tear gland and carrying its fluid to the eye {lachrymal ducts). 


of the conjunctival membrane continuous 
with that lining the eyelids. 

Within the sclerotic layer is a second 
coat known as the choroid, more delicate 
m structure and richly furnished with 
blood vessels and nerves. It has a black 
lining, the function of which is to absorb 
such rays of light as would otherwise con- 
fuse vision. The choroid continues to- 
wards the front in the form, first, of what 
is called the ciliary body, incorporating 
the important ciliary muscle (Fig. 13), 
and then, in the very front of the eye, as 
the iris. This is the coloured part of the 
eye, and is what we refer to when we 
speak of a person having brown, or blue, 
or grey eyes. It has an aperture in its 
centre which can be made smaller or 
bigger, much as can the iris diaphragm in 
a camera. In bright light the aperture is 
made smaller, in dim light larger. Doctors 
often test the contractability of the iris by 
turning a light on to the eye and then 
shading the eye with the hand. The 
round hole in the centre of the iris is 


called the pupil (Fig. 15). This small 
round hole is the little disc which to any 
one who looks into the eye of another 
seems black. Actually it is transparent, 
and the blackness is due to the lining of 
the choroid membrane, which is so con- 
structed that it reflects no rays of light. 

Almost immediately behind the iris is a 
transparent body, somewhat jelly-like in 
composition, called the crystalline lens. 
This is shaped rather like the lens of a 
camera, and is curved convexly both in 
front and behind. It is surrounded by a 
fine membrane, and is attached above and 
below by slender ligaments The con- 
vexity of the lens can be increased or 
diminished by the muscles which are 
attached to it (Fig. 14). 

Between the cornea and the lens is a 
cavity known as the anterior chamber, 
containing a watery fluid called the 
aqueous humour. It is in this chamber, just 
in front of the lens, that the iris is situ- 
ated. Behind the lens there lies another 
and much larger cavity called the posterior 
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Fig. 13. (Left) Eyeball contracted ; (right) eyeball relaxed. The lens (1) is controlled partly 
by the action of the ciliary muscle (2) which forms part of the second coat of the eyeball (the 
choroid ). The black lining of the choroid coat , by absorbing light , helps to clarify vision 


chamber. This is filled with a semi-solid 
substance which is called the vitreous 
humour. 

The innermost lining of the eye wall is 
the retina (Fig. 16). This is really a deli- 
cate nerve film, covering the posterior 
two-thirds of the eye cavities, and is far 
and away the most important and most 
complicated part of the eye. It receives 
the impressions of light, and transmits 
them through the optic nerve to the 
brain, where they are interpreted. 

The retina may be compared to the 
film of a photographic camera. It is a sort 
of nervous net, highly sensitive to light, 
and is really an outgrowth from the sur- 


face of the brain. It is composed of nu- 
merous microscopic cells of two kinds, 
called from their shapes the rods and the 
cones. The rods are of importance when 
we are seeing in a dim light, the cones in 
a bright light. In the centre of the retina 
there are nothing but cones, round the 
margin there are nothing but rods; in be- 
tween, the rods and cones are mixed in a 
sort of mosaic. From this it follows that 
in a dim light we can usually see more out 
of the corner of the eye than out of its 
centre. The cones alone enable us to dis- 
tinguish colour, which is why we find it 
difficult to distinguish colours at night, 
even though we may see their shapes 



Fig. 14. Muscles controlling the eyeball. The lens of the eyeball is curved convexly both in 
front and behind ; its convexity can be increased or diminished by muscles attached to it. 



OPTIC NERVES 


247 


fairly clearly. The nerve fibres of the 
retinal cells run towards the back of the 
eyeball and finally converge to a single 
thick bundle which leaves the eye as the 
optic nerve itself. There are no sensitive 
nerve cells at the point where the optic 
nerve plunges backwards through the 
retina to escape from the eyeball, and so 
there is no vision in this tiny area of the 
retina, which is therefore known as the 
blind spot. 

Clearness of Vision 

A blind spot is to be found in each 
eye, but we do not notice it because we 
use both eyes at once, and what one eye 
misses the other sees. The optic nerve 
leaves the eyeball towards the inner side; 
the point of most acute vision is exactly in 
the middle at the back of the globe and is 
called the macula (Fig. 9); here the rays 
of light entering the eye are brought to a 
focus by the lens. We know that we can 
see a wide field of vision, but that we can 
see distinctly only those objects at which 
we are looking directly. That is to say, the 
only part of the retina receiving a clear- 
cut image is the macula, and objects seen 
by the rest of the retina are out of focus; 
if we want to see them distinctly we have 
to turn our eyes so that they are brought 
into the centre of the field of vision. 

The optic nerves run backwards to- 
wards the brain and presently unite with 
each other to form the optic chiasma 
(Fig. 17); they divide again immediately to 



Fig. 16. The retina , a nervous, net , highly 
sensitive to lights an outgrowth from the bram 
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Fig. 15 The ins. 1 , Pupil; 2 and 3, muscle 
{circular and dilator) of the iris ; continua- 

tion of coating of eyeball {ciliary muscle ), 
5 , second coat of eyeball {choroid). 

form the optic tracts, which plunge into 
the brain and pass to the visual cortex of 
the occipital lobes. 

The course of the fibres in the optic 
chiasma is interesting, because the fibres 
from the inner half of each retina cross in 
the chiasma to run in the optic tract of the 
opposite side. Thus each optic tract is 
made up of fibres from the outer half of 
the retina on its own side and fibres from 
the inner half of the retina of the opposite 
side. In this way each occipital lobe 
of the brain receives messages from half 
of each eye. 

The stimuli to which the sensory cells 
of our eyes react are due to the impact of 
rays of light emanating either directly 
from some luminous object, such as the 
sun or a burning lamp, or from such light 
falling on external objects as is reflected 
by them. A large proportion of the light 
falling on a white surface is reflected, 
whereas very little is reflected from a 
black surface. Between the two there 
are infinite shades of gradation. 
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A black surface seems actually to ab- 
sorb most of the light. From a luminous 
object light rays (which travel in straight 
lines) proceed in all directions. These 
rays may be either reflected or absorbed, 
directly transmitted, or refracted, that is, 
changed in direction. 

An object which reflects no light, and 
does not transmit or refract it, appears 
black. The reader is only able to see the 
letters in front of him because of the 



Fig. 17. Path of the optic nerves. From the 
eyeballs the optic nerves run to the optic 
chiasma (1) through the optic tracts ( 2 ) to 

tha wimnl rnrtPY nf the hrain 


spaces between- the letters. The letters 
themselves are invisible. What we call 
transparent substances allow light rays to 
pass through them. Generally they are 
not absolutely transparent; if they were 
we should not be able to see them at all. 
We cannot see air when it is free from 
moisture, but we can see water, because 
water is not quite so transparent as air, 
nor is glass, even at its clearest. 

When rays of light pass from a less 
dense medium to a denser one, for 
example, from air to glass, or from air to 
water, the rays are refracted, or bent to- 
wards a line perpendicular to the com- 
mon surface of the two media. If they 
again pass from the denser medium to the 
rarer one, they are bent away from the 
perpendicular. A ray of light passing 
through a pane of window glass obliquely 
from the sun, is first bent upwards and 
then again downwards, so that its passage 
through the room is identical with, or 
parallel with, the line of its approach 
from the sun to the window. 

Defects of the Eye 

These elementary physical facts are im- 
portant if we are to understand the func- 
tions of the different parts of the eye and 
the defects which sometimes exist in that 
functioning. Rays of light falling on the 
eye, if they are to reach the sensitive 
retina at the back of that organ, have to 
pass through various transparent media 
of varying densities. All these media are 
denser than the air. Therefore the rays 
are at each stage bent to a varying angular 
extent towards the central line of the eye 
from front to back. First of all, we have 
the membrane of the cornea; then the 
aqueous humour; then the lens, and 
finally, the vitreous humour behind it. 
All these play a part; but it is chiefly 
owing to our power, by the relaxation and 
contraction of a little muscle, of altering 
the shape of the crystalline lens, making 
it a little less or a little more convex, a 
little flatter or a little rounder, that we 
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can accommodate our vision to near and 
distant objects. 

Our aim is to focus on to the sensitive 
retina as many as possible well defined 
rays of light proceeding from the object 
we are looking at. From distant objects, 
the rays impinging on our eye are more or 
less parallel; from objects near our eye, 
they are more divergently oblique. The 
purpose of the lens is to bend these rays 
towards one another, so that they meet in 
a point. If we are to see a thing clearly 
this point must be on the retina, neither 
in front of it nor behind it. To bring this 
about the lens has to be made more con- 
vex when we are looking at near objects, 
less convex when we are looking at dis- 
tant objects. In the normal, or what we 
call perfect, eye, the shape of the lens is 
quickly adapted to meet the occasion. 
But the lens is constructed by nature on 
the assumption that the distance between 
it and the retina is uniform. Unfortu- 
nately, not all eyes are of the same depth; 
some are shorter, some are longer than 
what we call the normal. Individuals so 
handicapped may have quite normal 
lenses, but such people constitute a large 
proportion of the long-sighted and the 
short-sighted. 

Short and Long Sight 

In earlier and simpler times the eyes 
of our ancestors were concerned rather 
with distant objects and with things of 
appreciable size than with small near 
objects, such as printed letters, and the 
mechanical minutiae and fine work of 
today. Considerable muscular effort is 
called for if we are constantly to observe 
small objects near to us. This fact alone 
no doubt, accounts for many of the re- 
fraction troubles of today. People who 
can see things near to them, although 
their vision for distant objects is con- 
fused, are called short-sighted. Com- 
monly, they are people with over-long 
eyeballs. They cannot reduce the con- 
vexity of their lenses sufficiently to effect 
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that degree of refraction of the rays enter- 
ing the eye which will bring them into 
suitable conjunction at the level of the 
retina. Oculists accordingly prescribe for 
them supplemental aid in the form of 
concave lenses to correct the over- 
convexity with which Nature has fur- 
nished them. In the opposite case, that of 
those who are long-sighted, seeing clearly 
objects at a distance, yet indistinctly 
objects near to them such as printed 
words, the oculist prescribes glasses 
which are convex. 

Kinds of Lenses 

It is easy to tell whether a lens is con- 
vex or concave by moving it along in 
front of the eye and observing whether 
the objects seen through it appear to 
move with it in the same direction or con- 
trariwise. Objects seen through a con- 
cave lens seem to move to the right or to 
the left as moves the lens, whilst things 
seen through the convex lens seem to 
move in the opposite direction. 

Another refractive error which is fai 
from uncommon is known as astigmatism. 
This may be associated with some degree 
of short sight or of long sight, but its 
essence consists in an irregularity in the 
convexity of the crystalline lens. Human 
ingenuity has found a means of correcting 
even this defect of Nature by means of 
artificial lenses. 

Clouding of Vision 

Some reference should be made to the 
incidence, common in old age, of clouding 
or loss of transparency of the lens 
through which rays of light reach oui 
sensitive nerve cells. Such a clouding 
naturally causes progressive diminution 
of vision, and ultimately, complete 
blindness. Surgeons can without much 
risk remove the obstructive lens which is 
the cause of the defect, and can thus 
restore to the individual, with the help 
of powerful glasses, an acceptable and 
reasonably efficient measure of sight. 
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Our apparatus for hearing is composed 
of several parts. A defect in any one of 
these parts almost inevitably leads to 
some impairment of hearing. The main 
function of the external ear (Figs. 18 and 
19), the pinna, is to catch those aerial 
vibrations which give rise in our mind to 
the sensation of sound. These vibrations 
enter the little external canal, at the end 
of which is a stretched membrane, cor- 
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side air is through a fine tube called the 
Eustachian canal (Fig. 21), which opens 
into the pharynx at the back of the mouth. 
If this tube becomes blocked through in- 
flammatory trouble in the throat or other 
cause, the air pressure within the ear 
drum falls, and the tympanic membrane 
tends to be drawn out of shape and to lose 
its tension, so that it no longer conveys 
sound vibrations. 



Fig. 18. The external ear. The illustration shows a human external ear , the external ear oj 
an Alsatian and of a hare, and a human external ear which has been damaged, the so-callea 
cauliflower ear. The function of the external ear is to catch vibrations in the air, which are 
translated in the mind into the sensation of sound. 


responding to the parchment covering of 
a drum, spoken of as the tympanic mem- 
brane. This separates the external ear 
from a tiny chamber known as the middle 
ear (Fig. 20), the essential part of which is 
a fragile bridge of three minute bones, or 
ossicles, the end of one of which rests 
against the tympanic membrane, whilst 
the head of the one most remote fits 
accurately into a passage leading to the 
so-called inner ear (Fig. 23). The only 
connexion of the middle ear with the out- 


The Eustachian tube allows air to entei 
the middle ear from the throat and sc 
keeps the pressure equal on the two sides 
of the ear drum; were it not for the 
Eustachian tube, our ear drums would be 
likely to burst every time we went up £ 
mountain or down a mine. Unfortunately 
other things besides air can get up the 
Eustachian tube — notably bacteria. Ir 
some people, especially children, in- 
flammation is liable to spread up from £ 
sore throat until it involves the middle 
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Fig. *9* Section through, car. j , External ear; j, passage running from external ear; j, ear 
drum ; 4 s bridge of tiny bones resting on ear drum (ossicles); 5, semicircular canals forming 
part of inner ear; 6, tube connecting middle ear with outside air (Eustachian canal); 7, spiral 
tube in inner ear (cochlea); 8, auditory nerve. 

ear, and an abscess may form there which surgical treatment because the pus can- 
can only escape by bursting through the not escape except by tracking inwards to 

drum. This is the cause of running cars the brain; the surgeon opens the bone 
not uncommonly seen among children. behind the ear and allows the pus to 
Sometimes the drum proves too tough to escape outwards. 

burst, and in that case infection spreads The middle ear is designed to transmit 
into the air cells of the mastoid process of sound from the drum to the inner ear. 

the temporal bone, producing a mastoid The ossicles form a chain across the 

abscess (Fig. 22). This needs immediate middle ear and carry vibrations from the 



Fig. 20. (Left) Section through inner half of middle ear. z. Canal carrying the facial nerve y 
2 y cavity in the mastoid projection of the temporal bone (mastoid antrum); 3s cur cells in the 
mastoid; 4 , outer surface of facial canal ; 5, spiral tube (cochlea). (Right) Interior surface 
of left ear drum showing small bones (ossicles). 6, Body of anvil bone; 7, head of hammer 
bone; 5 , attachment for stirrup bone; 9, ear drum; io } handle of hammer bone. 
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Fig. 21. nusiuchiun tariui ana ear drum. i, 1 ube connecting middle ear with outside air 
(. Eustachian canal); 2, opening of Eustachian canal into air cells of mastoid bone ; 3, Eusta- 
chian canal; 4 , mastoid cells; 5, channel from outer ear to ear drum ( auditory meatus); 6, ear 
drum. The Eustachian canal equalizes pressure on the two sides of the ear drum 


drum to a little oval window in the inner 
wall which communicates with the inner 
ear. These ossicles (Fig. 23) have been 
named the hammer, the anvil and the 
stirrup bones, from their fancied re- 
semblance to these objects. 

The hammer bone is fastened firmly by 
its handle to the drum and by its head to 
the anvil bone; this in turn is fitted to the 
arch of the stirrup bone, and the foot of 
the stirrup fits into the oval window com- 
municating with the inner ear. Sound 



Fig. 22. Connexions oj mastoid , showing 
how infection is transmitted from it. 1, 
Tissues of neck; 2, an cavity (sinus); 3 and 4 , 
bans of brain. Arrows show infectidn path . 


waves pass down the meatus and set the 
drum vibrating, and these vibrations 
shake the ossicles, causing the stirrup 
bone, which is held in position by an en- 
circling ligament, to move up and down 
in the window like the plunger of a piston. 

The inner ear (Figs. 24 and 25), lying 
embedded in the temporal bone, consists of 
a tiny bag filled with fluid. The central 
part consists of two small chambers, the 
utricle and the saccule, connected by a Y- 
shaped passage; from the saccule springs 
a hollow spiral tube, the cochlea; the 
utricle gives rise to three curving pas- 
sages called the semicircular canals. The 
cochlea is concerned with hearing, and 
the utricle, saccule and semicircular 
canals are organs of balance. 

The Cochlea 

The spiral canal of the cochlea (Fig. 26) 
makes two and a half turns; it is supported 
on a central pillar of bone, the modiolus 
(Fig. 26), round which a thin bony shelf 
curls, like the corkscrew track round the 
tower at a fun fair; the tube of the cochlea 
embraces the edges of this shelf. A deli- 
cate membrane, the basilar, sensitive to 
sound, stretches from the edge of the 
shelf to the far wall of the cochlea, thus 
dividing it into two canals along its 
whole length. A branch of the auditory 
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nerve passes up the middle of the 
modiolus and sends fibres out through 
the shelf to the basilar membrane. 

The sound waves travel down the 
meatus till they reach the drum and set it 
oscillating; the ossicles transmit the vibra- 
tion across the middle ear and set the foot 
of the stirrup bone moving in the oval 
window; this movement stirs the fluid in 
the cochlea and waves are generated 
which set the basilar membrane vibrating 
in its turn; these vibrations stimulate the 
auditory nerve fibres and are transmitted 
to the brain, where the messages are 
interpreted as sound. 

Vibration and Sound 

What we know as sound is, until the 
terminals of the auditory nerve have been 
reached, composed of vibration only. The 
nature of the excitement that passes along 
the nerve — the nerve impulse — we do not 
clearly know. It is only when the nerve 
impulse reaches the special auditory cells 
in our brain that it becomes interpreted 
as the sensation which we call sound. 

The ear is not only the organ of hear- 
ing, but also what may be called the organ 
of balance. The mechanism of hearing is 
complicated, and the balancing mech- 
anism of the ear is no less so. The utricle. 



Fig. 23. Inner car and bones of middle ear 
(ossicles). /, Internal ear ; 2, hammer bone; 
3 , anvil bone; 4, stirrup bone; 5, hammer , 
anvil and stirrup bones , forming bridge. 



Fig. 24. Inner ear: (left) external and (right) internal views, j, 2 and 3 , Semicircular canals , 
concerned with balance , lying one in each dimension of space; 4 , spiral canal (cochlea); con- 
cerned with hearing; vibrations transmitted by ossicles affect the cochlea , which sends on 
waves , eventually to the auditory nerve and to the brain , which interprets them as sound. 
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Fig. 25. Parts of inner ear. 1 , Cochlea canal; 
2 , chamber from which cochlea springs { sac- 
cule ); 3 , chamber from which semicircular 
canals , 4, 5 and 6, {utricle); 7, 

swelling at end of canal {ampulla). 

saccule and semicircular canals all have 
a share in it. The three semicircular 
canals lie in three different planes, corre- 
sponding with the three dimensions of 
space. At one end of each canal there is a 
swelling called the ampulla (Fig. 25), and 
inside each of these is a minute ridge 
covered with stiff microscopic hairs 
which project into the cavity of the am- 
pulla. The fluid in the neighbourhood of 
the hairs is sticky and glutinous. When a 
man changes the position of his head, he 
sets up waves in the fluid in his semi- 
circular canals, and these waves agitate 
the glutinous fluid into which the ampul- 
lary hairs project. Fibrils of the eighth 
cranial nerve (see Chapter VIII) lie at 
the roots of the hairs, and every time the 
hairs are stirred by movements of the 
fluid the nerve fibres send a message up 
to the brain. Since the canals lie in three 
different planes, movements in any direc- 
tion can be recognized. 

Sensing Position 

But this is not all. In the simple 
nervous system of the jelly fish, certain 
sensitive cells have particles of calcium in 
association with them, and as the weight 
of these very tiny particles shifted, the 


animal was able to appreciate changes of 
position in its progress through the 
water. In the utricle and saccule of the 
ear we have exactly the same device, 
serving exactly the same purpose. On the 
floor of the utricle and on the inner wall 
of the saccule are round patches of stiff 
hairs, like those in the ampullae, and 
again the fluid in the neighbourhood of 
the hairs is thick and sticky; but, in 
addition, minute calcareous particles are 
tangled among the hairs and kept in 
position by the sticky fluid. When the 
position of the head is changed the weight 
of these particles pulls on the hairs, and 
fibres of the eighth nerve lying at their 
roots transmit information to the brain. 
The semicircular canals record move- 
ments of the head, while the saccule and 
utricle send in news about position. We 
learn from the semicircular canals that 
we have turned the head suddenly to one 
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Fig. 26. Cochlea canal. (A) Spiral canal of 
cochlea , showing central pillar of bone 
{modiolus). (b) Section of cochlea: 1, 
Membrane connecting cochlea with auditory 
nerve {basilar membrane); 2, modiolus. 
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side, but when we wake up in the morn- 
ing it is the utricle and saccule which in- 
form us that our heads are lying on our 
pillows. The news sent by these organs 
is accurately interpreted by the brain. 

The sensations which we experience 
have been grouped into two classes, known 
as general and special. The former have 
their origin within the body itself; under 
this heading are included hunger, thirst, 
fatigue, faintness, and so on. Special sen- 
sations are such as are directly caused by 
objects or forces outside the body. It is 
only through such sensations that we are 
made aware of the outside world, all our 
knowledge of which is based on stimuli to 
which our special senses react. Our direct 
knowledge is limited to that part of the 
external universe which is able to ring 
one or other of our sensory door bells. 

Limits of Consciousness 

We know that vibrations of a certain 
rapidity and wave length, falling on our 
eyes, give rise in our consciousness to a 
sensation of “redness,” vibrations of 
another wave length produce an impres- 
sion which we call blue; and so on through 
the entire spectrum of visible light. But 
there are light rays both of shorter and of 
longer wave length than any of those 
which, through the medium of our eyes, 
are directly perceptible to us. So with 
those aerial vibrations which cause in us 
the sensation of sound. Individuals vary 
very much in their sensitivity to sound; 
but the most aurally sensitive amongst us 
can directly perceive only those vibrations 
whose wave lengths fall between com- 
paratively narrow limits. Other animals 
whose ears are differently constructed, 
can hear sounds which are inaudible to 
humans (Fig. 27). 

These particular physical impressions 
are signalled to our brain by nerves 
whose names, optic and auditory, indi- 
cate their special purpose. The queer 
thing about these nerves is that apparently 
they are fundamentally identical with one 



Fig. 27. Aural structures of various animals 
These varying constructions make it possible 
for some animals to hear sounds inaudible to 
humans. /, Membranous labyrinth of reptile ; 
a, bird; 3, mammal; 4 , frog; 5, organ oj 
hearing of fish; 6 , organ of hearing of owl. 

another and with all the rest of our 
nerves, with one or other of which 
practically every cell in our body is in 
touch. It is the receptor or “distal” 
terminals of these nerves and the “inter- 
preter” or “central” connexions that 
vary and so enable our senses to work. 

Interpreting Sensations 

There is nothing about the bundles of 
fibres that we call nerves that may not, 
for practical purposes, be regarded as 
analagous to electric cables. Their uses 
and functioning can, for the most part, be 
considered as physio-chemical pheno- 
mena. So may those of the receptive 
organs which transform this or that 
vibration or other impact or stimulus 
into “nerve impulse.” 

It is only when we reach the other end 
of the nerve fibre, where matter and 
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mind become transfused, that the real 
miracle begins. There is seemingly little 
in common between the vibrations which 
fall on our ear drums and the pseudo- 
electric current which passes up our 
auditory nerve. This unlikeness, how- 
ever, becomes relatively insignificant 
when we try to trace the connexion be- 
tween these electric messages, or the 
vibrations which provoke them, with 
our conscious interpretation of them, 
whether it takes the form of a Beethoven 
symphony or the hoot of a motor. 

Local Sensations 

Though the “electric movement” set 
up in any nerve fibre, no matter what the 
stimulus, seems to be the same in every 
case, yet, whatever the nature of the provo- 
cant, the sensation has its own peculiar 
quality and its own peculiar location. If 
the optic nerve be cut in a surgical opera- 
tion, the sensation is not that which we 
commonly think of as the pain of a tissue 
being cut, but that of a flash of light. Each 
distal ending of a sensory nerve fibre is 
peculiarly responsive to one sort of 
stimulus, and its central end gives rise to 
one special sensation. 

It is not only with regard to light and 
sound that our sensibility is specialized 
and localized. Thus our hands, which are 
so sensitive to touch, are less so to 
warmth than are many other parts of the 
body. That is why the comfortable tem- 
perature of a bath cannot easily be 
gauged by plunging the hand into it. If 
we put to our lips the two points of a pair 
of compasses, they can be recognized as 
separate points even though they are 
placed very close together. If, however, 
they are applied to the back, they must be 
placed very wide apart if they are not to 
give the impression of a single point. 

The External World 

Ordinarily we receive at the same in- 
stant thousands of different messages 
from the sensory nerves of the skin, and 


from the optic nerves; and it is only by 
arranging these that we form any idea of 
the world about us, and of the shape and 
size of external objects. The only reason 
we have for believing an apple to be 
green is that it affects our organ of sight 
in such a way as to cause a sensation 
which we have decided to call green. 
Its other characteristics, as we call 
them, are all built up in like manner. It is 
quite possible that to another creature, 
with senses differing from ours, the apple 
which we see would appear to be an 
altogether different thing. 

It is commonly imagined by people not 
given to reflecting on such matters, that 
colour, taste, shape, consistency, smell, 
sound, , temperature and one or two 
subsidiary qualities are the sum of the 
attributes which a material object can 
possess. This is not so. 

The slowest vibrations which per- 
ceptibly affect the retina of our eye are 
those of about four hundred million mil- 
lion to the second. These give rise to the 
sensation which we call red. More rapid 
vibrations cause severally the sensations 
of orange, yellow, green, blue and violet, 
beyond which our eyes fail us. Our ears 
are adapted to be affected by vibrations 
up to about forty thousand a second. 
Above this number we can hear nothing. 
We have no organs for detecting vibra- 
tions between forty thousand and four 
hundred million million. Yet it is certain 
that such vibrations exist. 

Development of Senses 

It is quite possible, or even probable, 
that sensibility to qualities unknown to 
us exists in various animals, especially in 
such highly-developed insects as the 
bees. There seems also some reason to 
suspect, though there is no conclusive 
evidence of it, that certain human beings, 
especially among those deprived of the 
use of one or more of the customary 
senses, not only possess an exaggerated 
development of one or more of the othe* 
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customary senses, but actually are able to 
sense certain vibrations which to ordinary 
folk are non-existent. 

Civilized man, with his comparatively 
high development of reasoning faculty, 
has to some extent made himself inde- 
pendent of various senses which are in 
habitual use among more primitive 
people. Thus, the native African, his 
senses unblunted by civilization, has an 
immediate sense of direction which 
seems almost uncanny to the European; 
and many explorers and travellers have 
themselves experienced such a develop- 
ment of this sense as to be able to rely 
on it without hesitation. 

In many animals, especially among 
insects, we find elaborate sense organs of 
whose function we have not the slightest 
notion. To them, the world must present 
an altogether different aspect. They may 
be aware of music and of beauty of kinds 
such as we cannot even imagine. There is 
no limit to the range of possible colours, 
tastes and scents, to speak only of sensa- 
tions similar in kind to our own. When we 
remember that the honey-bee possesses 
two hundred “conical structures” each 
with a nerve-ending, and twenty thou- 
sand specialized flasks and pits, we are 
clearly faced with an organization of 
almost infinite potentialities. It is only 
necessary to observe the purposive ac- 
curacy of the bee’s flight, remembering 
that its eyes, unlike our own, are fixed in 
their sockets and have no power of focus, 
in order to be convinced of the presence 
of senses outside our knowledge. 

It is difficult to be sure of the extent to 
which consciousness accompanies the 


stimulus of external objects on the senses 
of other animals, even when followed by 
definite reactions. The earthworm, for 
example, distinguishes between light 
and dark, reacting to each differently; yet 
it has no eyes, and the effect, whatever it 
is, is apparently brought about by the 
action of fight on any part of its surface. 
Even plants bend towards, or from, the 
fight according to the self-preservation 
indications of the occasion, yet it is diffi- 
cult to think of them as experiencing 
sensation in our meaning of the word 

Limitations of Normality 

On the other hand, whenever there is a 
specific reaction in any living organism to 
a specific external stimulus, it is quite 
beyond our power of proof to assert that 
the reaction is entirely unconscious, and 
that no true sensation is present. To a 
creature furnished with additional in- 
struments of sensation, the world would 
inevitably present aspects differing pro- 
foundly, both quantitatively and qualita- 
tively, from any of those which we cus- 
tomarily regard as altogether making up 
the whole. It is therefore rash to scoff too 
whole-heartedly at the seeming miracles 
of telepathy and of the queer sensory 
phenomena which we sometimes hear 
reported in connexion with those de- 
prived of one or more of their normal 
senses. Even the least imaginative of us 
can scarcely fail to have his complacency 
disturbed when, in the most silent and 
solitary place, he switches on a wireless 
receiving set, and is at once brought into 
relation with a world until that moment 
entirely beyond his perception. 


M.H.U.— • 1 
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One of the most striking characteristics 
of all living organisms is the capacity to 
produce living copies of themselves. There 
are many varieties of the process of repro- 
duction, but they may all be grouped 
under two heads, asexual and sexual. 

Very simply constructed plants and 
animals reproduce their kind by the 
elementary method of dividing into two 
parts, each of which is indistinguishable 
from the other. This form of reproduction 
is in the main confined to lowly organisms 
composed of a single microscopic unit, or 
cell; and though it seems very different 
from the complicated process of human 
reproduction, it nevertheless embodies 
the same fundamental principle, that of 
growth by cell division. 

- Division and Fusion 

As we rise higher in the plant and 
animal kingdoms, complications begin to 
be introduced into the process of repro- 
duction. There are, for example, organ- 
isms which at some times reproduce by 
simple cell division, at others by two units 
fusing together. 

A little further up the evolutionary 
scale we find differentiation between indi- 
viduals of the same species. Each of the 
individuals starts as a single cell, and 
grows by cell division, but a number of 
cells remain adherent to each other to 


form a composite plant or animal, and 
these plants or animals are not all alike in 
function or in form. In particular, a group 
of cells is set apart for purposes of repro- 
duction, and according to the nature of 
that group the individual may be classed 
as male or female. When this stage is 
reached, offspring can result only if a 
reproductive cell from the body of a male 
establishes contact with a reproductive 
cell from the body of a female. 

Asexual Reproduction 

Many plants and animals are capable of 
both asexual and sexual reproduction. 
Among many plants the two methods may 
be adopted respectively at different sea- 
sons, the asexual being more usual in the 
spring, the sexual in the autumn. In the 
case of many mosses and ferns, the choice 
of method seems to be related to the 
amount of moisture available. 

In other cases, the different methods are 
used in alternate generations. Jelly fish, 
or medusae, for instance, develop male and 
female reproductive organs and then sepa- 
rate from the parent hydroid, which they 
in no way resemble, and from which they 
originate by budding. By the sexual 
method they in turn produce hydroids, 
from which, again, medusae are produced. 

In higher animals the differentiation 
between the male and female becomes 
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ORGANS OF THE FEMALE BODY 

This giant model shows the position and the construction oj the heart } the lungs and the pelvis. 
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absolute. There are, it is true, even among 
human beings, very rare cases of herma- 
phrodites, or creatures possessing the 
reproductive organs of both sexes, but 
such instances form so infinitesimal a 
proportion of the whole as to be negli- 
gible. The mam difference between 
various classes of higher animals lies in 
the method of gestation; birds and reptiles 
disgorge their young from their bodies in 
a very immature state but protected by 
shells and equipped with food, mammals 
retain their young in their bodies until the 
latter are physically complete in form— 
though not, of course, in size. 


The distinctive physical characteristics 
of male and female among humans are 
accompanied by psychological differences 
little less marked. In this chapter we shall 
confine ourselves to a description of their 
basic physical reproductive organs. 

The essential reproductive organs of 
woman are the ovaries, the oviducts or 
Fallopian tubes, the uterus or womb, and 
the vagina (Figs, i and 2). The reproduc- 
tive function of woman is to produce an 
egg or ovum, to afford facilities for the 
fertilization of this ovum by the male 
reproductive cell, to mature this fertilized 
egg, and then to nourish the still im- 


Beginning of Life 

Every living thing, plant or animal, 
begins its life as a single cell, which con- 
tains within its microscopic self all the 
mysteries and magic of life. Man, in 
common with all other life, begins his 
earthly career as a single cell, the fertilized 
ovum. This particle, which is but one 
hundred-and-sevcn:y-fifth of an inch in 

diameter, just visible > 

with the aid of a , l/Vyily 

normally powerful / 

magnifying glass, is / Ajgr 

itself the product of Jj 
the union of two 

diverse cells, a sper- Ml flr/Lji 

matozoon separated Ml J \WfjutnM 

from the body of a M \ 

male human being, B V uBdHE 

and an ovum from a t \ uK .we 

female. This ferti- mfc , 

lized ovum, which is - t KT' 

retained in a special 
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body, divides into Eig. 1. Vertical sec 
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million-celled body ° f Me ™ ); 4 ’ “ 
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Fig. i. Vertical section of female pelvis , 
showing position of reproductive organs. 
i, Head of womb , or uterus ; e, body of 
womb; 3, short tube at end of womb { neck 
of uterus); 4 , bladder; 5, channd by which 
urine leaves the bladder {urethra); 6, 
channel leading from womb to exterior of 
body {vagina); 7, end of digestive tract {anus); 
8, last section of large intestine {rectum). 


mature new individual until it is capable 
of nourishing itself, even after it has left 
the mother’s body. 

The ovaries (Fig. 2) arc two small rather 
flattened oval bodies lying one on each 
side of the lower part of the abdominal 
cavity. In front, they arc attached to, and 
held in position by, a flattened band 
stretching across the abdomen, called the 
broad ligament. At their back and sides 
* . they are unattached. 

»' m 1 They are somewhat 

JmL 1 larger in the virgin 

than in a woman who 
fL / 1 has borne children. 

2 Roughly, they are 

S a ^° Ut 311 anC * 3 

L half long, half an 

SHto / inch thick, and three- 

W jm rrr* quarters of an inch 
wide. The ovaries 
MFrJT ^ are covered with a 
rather thick mem- 
teipaHB ^ : brane, immediately 
beneath which is a 
1 layer in which are 
w of female pelvis , embedded a number 
’.produeme organs of smaU foUides Qr 
uterus; 2 , body of -it 
end of womb (neck v^cks known as 
j, channel by which theG raafian follicles, 
der {urethra); 6, each containing fluid 
omb to exterior of an d a microscopic 
gestive tract {anus); body which is an im- 
intestine {rectum), mature ovum (Fig. 3) 
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Fig. 2. Female reproductive organs. r, Tube by which discharged particles from the ovary 
are sucked up and carried into the womb (. Fallopian tube); 2 , egg-shaped bodies , /j>w£ ar the 
side of the lower part of the abdominal cavity , containing microscopic immature ova , or 
(raary), j, fody of w/erws,- wecA: 0/ uterus; 5, channel from uterus to exterior oj body (vagina) 


or egg. At birth, it is estimated that there 
are in the ovaries of a female child about 
thirty thousand ova or eggs. No fresh ova 
are formed after birth. 

The reproductive life of woman does 
not normally begin until she is from 
thirteen to sixteen years of age; it termi- 
nates usually between the ages of forty- 
five and fifty-five. During the reproduc- 
tive period the cells from which the ova 
develop, together with the follicles in 
which they are embedded, progressively 
come nearer the surface of the ovary, 
where they mature and increase in size. 

About every twenty-eight days one of 
these Graafian follicles bursts, and the 
ovum which it contains, together with the 
fluid surrounding it, is expelled into the 
abdominal cavity. Near to each ovary is 
the funnel-like opening of a tube, the 
oviduct or Fallopian tube, the end of 


which is broken up into a sort of circular 
fringe with threads, called fimbrite, 
arranged rather like the opening of a 
trumpet. The lining of the Fallopian tube 
is furnished with microscopic hairs or cilia 
which are in constant movement, thereby 
causing an inward current, which draws 
into the tube particles floating near the 
opening. By this action the discharged 
ovum is sucked into the tube and drawn 
along to the uterus in which the Fallopian 
tube terminates. The Fallopian tubes are 
each about three and a half inches long. 
The ripe ovum itself is spherical and 
about one hundred and twentieth of an 
inch in diameter. 

The uterus, except during pregnancy, 
is roughly pear-shaped and about three 
inches long. Its walls are very thick, and 
its cavity so small that the walls are almost 
in contact with one another. Its broader 
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Fig. 3. Human ovum, highly magnified. The 
ovum consists of a nucleus surrounded by 
granules. The ovaries oj a female child 
contain , at birth , about thirty thousand ova. 

end, the fundus, lies uppermost. Below, 
the uterus ends in a short conical thick- 
walled tube called the cervix or neck. This 
projects into the vagina into which it 
opens by a small central aperture called 
the os uteri or mouth of the womb. The 
vagina is a sort of canal or tube, some 
four inches long, leading from the womb 
to the outside of the body. 

When the ovum discharged from the 
ovary every month makes its way to the 
uterus, it finds the lining membrane thick- 
ened and well supplied with blood for its 
reception. If a male reproductive cell, or 
spermatozoon (Fig. 4), meets and unites 
with it on its course, the ovum takes root 
in the prepared uterine seed bed and there 
develops. The woman is now pregnant, 
and the creation of a new human indi- 
vidual has begun. 

If, however, the ovum does not en- 
counter a spermatozoon, within a few days 
it is cast off, and the process called 
menstruation is initiated. In this process 
the whole lining membrane of the uterus 
separates and a variable loss of blood 
occurs, the dead membrane with the 


blood and the unfertilized ovum con- 
stituting the menstrual flow. The pre- 
paration and ripening of a new Graafian 
follicle and ovum at the surface of the 
ovary begins anew and, in a few weeks, 
the whole process is repeated. The burst- 
ing of the Graafian follicle and the setting 
free of a ripe ovum is called ovulation, and 
it is believed that it usually takes place 
at about the middle of the period which 
elapses between menstruations. 

Impregnation 

The act of impregnation by the male 
consists first in the ejection of seminal 
fluid from the penis into the vagina of the 
female. This seminal fluid contains a 
large number of male reproductive cells, 
or spermatozoa. The spermatozoa are 
capable of independent movement and 
make their way towards the mouth of the 
womb into which some of them succeed 
in making an entry. When one of them 
succeeds in effecting a junction with the 
ovum, the process of impregnation is com- 
plete. Ovulation and menstruation then 
cease and do not recur until after the birth 
of the child nine months later. Usually 
cessation of ovulation and menstruation 



Hg. 4. Human male reproductive cells 
0 spermatozoa ) highly magnified. The sperma- 
tozoon is about one-five-hundredth of an inch 
long. It moves by vigorous lashing of its tail. 
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continues whilst the breasts are actively 
secreting milk and while the baby is 
being suckled. 

The essential reproductive organs of 
man (Fig. 5) are the testes, from each of 
which proceeds a tube called the vas 
deferens, the prostate, the seminal vesi- 
cles, certain small glands, the principal 
being known as the glands of Cowper, 
the ejaculatory duct, and the penis. The 
reproductive business of the male consists 
in the manufacture of male reproductive 
cells, in furnishing them with suitable 
media in which they can live and move, 
and in injecting them into the body of the 
female where they may establish contact 
with the female ovum. With the act of 
impregnation, the reproductive task of 
man is finished. 

The Testes 

The testes, or testicles, are two oval 
glandular structures, each in the adult 
about an inch and a half long, and about 
an inch thick from front to back and from 
side to side. They each weigh normally 
about an ounce or a little less. They are 
suspended in a small bag, or pouch, 
called the scrotum, which may be regarded 
as a small extension of the abdomen, its 
cavity, however, being in adult life sepa- 
rated from that of the abdomen. Through 
the partition between the two cavities cer- 
tain structures pass on each side. The 
passage way is the inguinal canal. 

The more characteristic part of the 
testis consists of a large number of small 
lobes, each composed almost entirely of 
minute tubes known as the seminiferous 
tubules, in the interior of which tubes the 
seminal fluid is secreted. The separate 
tubules of each lobe unite to form one 
large tube, and these larger tubes again 
join together, constituting the first part of 
the convoluted tubular structure called 
the epididymis. This is closely attached 
to the testis on each side, and is generally 
considered as forming a part of it. It is 
really the beginning of the vas deferens, 
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folded again and again on itself, and con- 
nects the testis with the seminal vesicle of 
its own side. The vas deferens, then, 
together with certain arteries, veins, 
nerves and lymphatic vessels constituting, 
with it, the spermatic cord, passes through 
the inguinal canal and enters the pelvic 
part of the abdominal cavity. At the back 
of the lower end of the bladder, the vas 
deferens joins with a small tube leading 
from the seminal vesicle, the canal which 
they form together being known as the 



Fig. 5 - Male organs of generation. i } 
Bladder; 2 } membranous receptacle at side 
of bladder ( seminal vesicle); J, glands sur- 
rounding neck of bladder {prostate); 4 , tube 
leading from testicle {vas deferens ); 5, testicle; 
6, urethra; 7, penis; #, tubular structure 
forming beginning of vas deferens {epididy- 
mis); 9, tube formed by joining of vas defer em 
and seminal vesicle {ejaculatory duct). 

ejaculatory duct. The ejaculatory duct on 
each side passes for an inch of its way 
through the prostate gland, ending in the 
upper part of the urethra, the canal which 
runs through the centre of the penis, and 
thus serves as a common medium for the 
ejection of urine and of the seminal fluid. 

The seminal vesicles are two mem- 
branous receptacles situated one on each 
side of the base of the bladder at the 
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back. They are about two inches long and 
about a third of arf inch wide. Each con- 
sists of a tube coiled and re-coiled on 
itself, ending in an opening into the vas 
deferens, with which it forms a single tube, 
the seminal or ejaculatory duct. 

Prostate Gland 

The prostate gland is composed of 
thirty or forty small glands. It is about 
the size of a chestnut, which it resembles 
also in shape. It surrounds the neck of the 
bladder and the front part of the urethra, 
weighs rather less than an ounce, and is 
about three-quarters of an inch thick, an 
inch long from base to apex, and about 
an inch and a half wide at its base. Its 
situation in relation to the basic structures 
of the body is about half an inch below 
the symphysis of the pubic bones, that is, 
the lowest bony point which can be felt 
with the hand in the front of the body in 
the central line. 

The Urethra 

The first part of the urethra and the 
lowest part of the neck of the bladder are 
enclosed in the prostate. The seminal or 
ejaculatory ducts also pass through the 
prostate to join the urethra about an inch 
from its beginning. The secretion of the 
seminal vesicles appears to help the 
mobility of the spermatozoa, as does also 
the secretion of the prostate. There are 
almost certainly subtleties in the action 
of these secretions which we have not yet 
fathomed. The so-called Cowper’s glands, 
which are adjacent to the first part of the 
urethra, also secrete a fluid which is 
passed into the urethra. The function of 
this is not established, but it is thought 
probable that its main purpose is to 
neutralize the acidity of the urine, thus 
helping to make the environment more 
favourable to the activity and the mobility 
of the spermatozoa in the seminal fluid 
when it is expelled through this organ. 

The penis, the most obvious external 
part of the male reproductive organs, is 


composed of three almost cylindrical 
collections of tissue, one on each side 
known as the corpora cavernosa, and one 
behind, enclosing the urethra, called the 
corpus spongiosum. The main body of 
the penis consists of the corpora cavern- 
osa; but it is the corpus spongiosum which 
forms the enlarged and rounded extremity 
known as the glans penis. At the summit 
of the glans penis is a vertical slit which 
is the external opening of the urethra. The 
rounded terminal border of the glans 
penis is known as the corona glandis, 
behind which there is a constriction known 
as the cervix, or neck. At the back of the 
cervix below is a fold of skin which forms 
the posterior part of the fraenum. The 
circular fold of skin covering the glans 
is known as the foreskin, or prepuce. This 
is freely movable over the corona except 
in the middle line below, where it is 
attached by the fraenum. 

A marked characteristic of the penis is 
its capacity for rapid change of form and 
size in obedience to emotional or sensory 
stimulus. The corpora cavernosa include 
blood spaces which are usually practically 
empty, but are capable of becoming gorged 
with blood in times of sexual excitement. 
This engorgement, combined with the 
activity of certain erectile muscular tissue, 
causes the penis at times to increase in 
size and rigidity, and thus it becomes 
possible for it to be introduced into the 
vagina of the female. 

Seminal Fluid 

The seminal fluid ejected from the 
penis into the female vagina consists of 
the external secretion of the testes to- 
gether with that of the seminal vesicles, 
of the glands of Cowper and of the pro- 
state. It is a viscous fluid, somewhat 
milky in appearance, consisting of ninety 
per cent water and ten per cent organic 
and inorganic substances in solution or in 
suspension. Fundamentally important are 
the spermatozoa (Fig. 4), the active male 
reproductive agent. An average ejaculation 
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of seminal fluid contains several hundred 
million of these mobile units. In man, the 
spermatozoon consists of a head-piece, a 
middle piece, and a long whip-like tail- 
piece, and looks rather like an elongated 
tadpole in miniature. The human sperma- 
tozoon is about one five-hundredth of an 
inch in length and, at its widest part, 
about one six-thousandth of an inch in 
breadth. The forms of spermatozoa in 
different animals vary greatly, but all are 
characterized by mobility. They achieve 
this mobility by a somewhat vigorous 
lashing of the tail (Fig. 6). 

Pregnancy 

Whenever sex intercourse results in 
pregnancy, it means that out of the 
enormous number of spermatozoa ejected 
into the vagina of the female at the time 
of coition, one has succeeded in making 
its way into the uterus and, generally, into 
one of the Fallopian tubes leading from 
the ovaries into the uterus; and in that 
tube, or earlier, has encountered a ripe 
female ovum with which it has effectively 
united. It will be seen that at every act of 
coition, millions of living spermatozoa die 
and become disintegrated. 

The capacity of the male testes to pro- 
duce active spermatozoa begins only when 
the earlier years of boyhood have been 
passed. The period of transition is that 
which we characterize as the age of 
puberty. It varies greatly in individuals, 
but is usually from fourteen to sixteen. 
At this time, certain manifestations which 
we speak of as secondary sexual character- 
istics show themselves. Hair begins to 
grow on the face and on the pubes, and 
remarkable changes in the emotions and 
temperament take place; alterations occur 
also in the voice and in the facial ex- 
pression. The capacity of the testes to 
produce active spermatozoa, once estab- 
lished, may persist throughout life; 
usually, however, a gradual loss of ferti- 
lizing power sets in towards the end of 
what is called middle age. But although it 

M.H.B. — I* 


265 

is unusual, it is by no means unknown for 
men seventy or eighty years old to become 
the fathers of children. 

Coition is the term applied to the union 
of the sexes by the introduction of the 
male reproductive element into the body 
of the woman. To this biological end the 
penis is constructed for insertion into the 
vagina. Under the influence of physical 
and emotional stimuli the penis becomes 
congested with blood and consequently 
swollen. Various muscles contract and 
this normally flaccid organ becomes com- 
paratively rigid. 

While physical contact with, or even 
propinquity to, the body of a member of 
the other sex may act as a definite provo- 
cant of erection, especially during virile 
youth, there is an individuality, a parti- 
cularity, which determines the intensity 
of the stimulus and, consequently, of its' 
effectiveness. Not all males are equally 



Fig. 6. Sex units of various animals. /, 
Spermatozoa of snail ; 2, ovary of earth - 
worm ; J, spermatozoon of crayfish ; 4 , sper- 
matozoa of worm; 5, spermatozoon of guinea 
pig ; 6, spermatozoon of man; 7, spermatozoon 
of rat. Notice tail of spermatozoa , the vigor- 
ous lashing of which produces movement. 
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Fig. 7. Division of a cell. The fertilized 
ovum , consisting of 1, protoplasmic sur- 
rounding network , and nucleus , splits into 
two cells, each possessing this same structure. 

attracted by the same females, and vice 
versa. The whole phenomenon strikingly 
illustrates the difficulty, if not the impossi- 
bility, of drawing any hard and fast line 
between the physical and the psychological 
elements of human physiology. 

Union having been established, wave- 
like contractions occur in the muscles of 
the seminal vesicles which cause the 
semen loaded with spermatozoa to be 
forced into the urethra. Rhythmic con- 
tractions of the muscles surrounding the 
urethra then expel the semen from that 
canal into the vagina. The mechanical 
stimulus of the surface nerves of the penis 
are commonly the immediate cause of the 
motor activity of these muscles, the spinal 
cord acting as the nervous intermediary. 
These nerve centres can, however, be 
brought into activity without direct sen- 
sory stimuli. This occurs sometimes in 
dreams, when sexual images appear in the 
mind though no physical contact exists. 
The first stages of the normal coitive 
reactions, indeed, occur not infrequently 
as a result of the contemplation of ideas 
or images possessing sexual significance. 


In many— probably most— animals the 
female part in the sexual act would seem 
to be a much more passive one, from the 
emotional or psychological point of view, 
than that of the male. In man, however, 
as in certain other of the nearly related 
mammals, psychic and physical events 
occur in the female not dissimilar from 
those which take place in the male. As a 
result of sexual excitement, the clitoris, 
like the penis (of which it is the female 
counterpart), becomes swollen and erect- 
ed, whilst the muscles of the Fallopian 
tubes and the uterus contract and pour 
down copious fluid into the vagina. The 
walls of the vagina are stirred into activity 
and flood it with mucus secretion, gener- 
ally at the time that semen is ejaculated 
into the vagina. The spermatozoa emitted 
by the male thus find themselves in a 
suitable environment for their progress 
towards the cavity of the uterus and thence 
into the oviducts. 

Sex Attraction 

One of the most remarkable phenomena 
in all bi-scxual fertilization is the attrac- 
tive force that seems to operate between 
the male and the female sex elements, that 
is, between the spermatozoa and the ova. 
It is hard to comprehend this attractive 
force if we exclude conscious purposive- 
ness on the part of the individual cell. 

Before the spermatozoon enters the 
ovum, the latter throws out bud-like pro- 
jections which become separated from the 
main body of the cell. From the time that 
the male cell fertilizes with the female one, 
a steady development takes place until, in 
the course of nine months, a minute speck 
of protoplasm, weighing about one-fifteen- 
thousandth of an ounce, becomes an 
elaborately organized body, weighing 
something like two million times as much, 
and possessing muscles, nerves, bones, 
and a circulatory system.The ovum swells, 
then divides into two cells (Fig. 7) and 
these again into four. The now multi- 
cellular embryo moves on towards the 
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uterus. By the time it reaches its destina- 
tion in the wall of that organ, it will 
consist of a ball, still minute, but com- 
posed of many units, all apparently similar 
to its original self (Fig. 8). In contact with 
the wall of the uterus, threads grow out 
from the minute ball and plant themselves 
in the lining tissues, and small branches 
of maternal blood vessels extend from the 
uterine walls into the growing ovum. 

The blend of the threads from the 
developing ovum and the blood vessels 
from the interior of the uterus constitutes 
the beginning of the structure known as 
the placenta (Fig. 9). This becomes in 
time a large fleshy mass which serves as 
an intermediary between the growing 
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child and its mother. Through it the 
embryo obtains its nourishment, and 
through it its waste products are elimi- 
nated. Only when the child is born, at the 
end of nine months, does the placenta 
cease to function; then it separates from 
the wall of the uterus and is expelled from 
the mother’s body. 

In the course of three or four days after 
being fertilized, the unicellular ovum is 
divided into a number of cells united 
together into a ball, the morula (Fig. 8), 
which under a fairly powerful microscope 
looks rather like a mulberry. Some of the 
cells forming the middle of this ball begin 
to move away from the centre and cluster 
near the edge, leaving a central space 



Fig. 8. Early stages of development of the fertilized ovum, (a) Three or jour days after being 
fertilized — a number of cells united in a ball (morula), (b) Some cells then move away from 
the centre and cluster round the edge , leaving central space filled with fluid ( blastocyst stage). 
(c), (d) and (e) Subsequent stages of development, showing increasing complication. 1 , Limiting 
wall of embryo , through which nourishment is obtained in the early stages ( trophoblast ); 2 , 
layer of cells separated from the mass , forming a yolk-sac ; 3 , cavity in main cluster of cells 
(< amnio-embryonic , or amnio tic, cavity); 4, layer of cells around yolk-sac {entoderm); 5, layer 
of cells which develop around and enclose the amniotic cavity {ectoderm). 
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which is filled with fluid. At this stage, the 
developing ovum is known as a blastocyst. 
The morula has been converted into a sort 
of bladder with a covering wall consisting 
of a single layer of cells, except where at 
one point a cluster of cells, like a minia- 
ture bee swarm, projects into the central 
cavity as a mass. 

Nourishment of Embryo 

The limiting wall is known as the 
trophoblast, from the Greek word trophe, 
meaning nourishment. This layer takes no 
part in the formation of the actual 
embryo, but is concerned only with the 
establishing of relations between the 
uterine wall of the mother and the grow- 
ing child within her; through its inter- 
mediation, nourishment is, at this early 
stage, obtained. The embryo and certain 
temporary structures connected with it 
are formed out of the cell-mass which 
projects into the cavity of the blastocyst. 
The layer of cells of the projecting 
cluster furthest from the boundary rim 
then separates from the mass and forms 


a closed sac which, later, will constitute a 
sort of yolk sac. Soon afterwards, a cavity 
develops in the middle of the projecting 
cluster, so that we now have three en- 
closed cavities. Separate from one another, 
but within the main cavity, are the amni- 
otic, or amnio-embryonic, cavity formed 
in the middle of the projecting cell cluster, 
and the future yolk-sac enclosed by cells 
separated from the projecting cluster. 

The layer of cells around the yolk-sa: 
constitutes the entoderm, whilst that 
lining the amniotic cavity is called the 
ectoderm. These are known as germinal 
layers. Between these two a third germinal 
layer, called the mesoderm, soon comes 
into existence. It is out of these three 
layers of cells that the embryo child 
develops; the embryo is, as it were, sus- 
pended between the amniotic cavity above 
and the yolk-sac cavity below in the form 
of a flat double plate, known as the 
embryonic disc. This, to begin with, is 
almost circular but gradually lengthens 
out and becomes differentiated for the 
production of the various parts of the 



Fig. 9. Fully developed unborn child ; umbilical cord through which the embryo derives 
nourishment from its mother , and eliminates waste matter by means of the blood vessels passing 
through it; and placenta , a large fleshy mass which serves as the intermediary between the 
embryo and the mother } and is expelled from the mother’s body after birth 
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boay. The entoderm is destined to form 
the food canal and the structures associ- 
ated with it; the ectoderm layer is the 
starting point of the skin and its append- 
ages and also of the brain and spinal cord. 
From the mesoderm spring the muscles 
and bones and connective tissue of the 
body. At this stage, the embryonic disc 
consists of a few thousand cells, but it 
still measures less than one-eighth of an 
inch in diameter. 

Development of Head 

The first part to develop in the 
embryonic disc is the head, which occu- 
pies practically three-quarters of its 
length. The proportions gradually change, 
but, even in a full-grown baby at birth, 
the size of the head in proportion to that 
of the rest of the body is very much 
greater than in the later stages of life. 
From the ectoderm arise the skin, the 
hair, the nervous system, the lens of the 
eye, and the nerve parts of special organs 
of sense; from the mesoderm the muscles, 
bones, blood vessels, lungs, alimentary 
canal, most of the glands, the reproductive 
organs, and the blood; from the entoderm 
the lining of the breathing passages and 
of the alimentary canal and all the glands 
connected therewith, as well as the bladder 
and the thyroid and thymus glands. 

Sex Determination 

Whether the child is to be male or 
female is probably determined at the 
moment of fertilization. It would seem 
that the spermatozoa are of two kinds, 
male-producing and female-producing, 
produced in about equal numbers. The 
sex of a child would appear to depend on 
which variety of spermatozoon succeeds 
in establishing union with a ripe ovum. 
Boys and girls are certainly born in about 
equal numbers. The observable differ- 
ences in the sex of the embryo are gener- 
ally manifest about two months after 
conception. By the beginning of the third 
month, external differences show them- 
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selves. The testes and the ovaries which, 
at the beginning, are placed high up in 
the abdominal cavity, move gradually 
downwards until, at the time of birth, the 
ovaries have reached a secure location in 
the pelvis, and the testes have moved 
down still further into the pouch prepared 
to receive them. 

By the end of the first month of preg- 
nancy, the main parts of the embryo — 
head and body and limbs — can easily be 
distinguished. But it is, of course, extra- 
ordinarily unlike the human baby at birth. 
It lies immersed in a fluid contained in a 
closed bag which has been made out of 
its own cells; and this bag is suspended 
within the mother’s womb. With the wall 
of the uterus the embryo is directly con- 
nected by the umbilical cord, through 
which blood vessels pass, carrying nour- 
ishment from the maternal tissues to the 
growing child and carrying back waste 
products which the mother’s organs grad- 
ually get rid of. The navel, or umbilicus, 
in the wall of the human abdomen is the 
scar marking the point at which the 
umbilical cord was attached to the 
foetus during its development. 

The New-born Child 

At birth (Fig. 10) the cord, having 
been tied by thread, is cut a few inches 
from the baby’s body. The remainder of 
the cord attached to the placenta is ex- 
pelled with that structure from the 
maternal uterus very soon after delivery; 
and a few days later, the shorter part 
separates spontaneously from the child. 

Up to the moment of its birth the 
foetus derives all the nourishment required 
for its growth in a directly assimilable 
form through the blood passing from the 
mother through the umbilical cord. Its 
mouth and its digestive system have not 
yet been brought into play. With the 
separating of the umbilical cord this 
source of supply is cut off. Thenceforth, 
the baby must breathe oxygen for itself 
through its nostrils into its lungs; it must 
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take in nourishment through its mouth 
and gullet, and digest it in its stomach and 
intestines. But it is still dependent on its 
mother for this nourishment, which must 
take one particular form, namely, that of 
milk. Human mothers are normally 
adapted to provide this nourishment. 

The Breasts 

On the front wall of a woman’s thorax 
are two glands, one on each side, known 
as the mammary glands, or breasts. In 
childhood and early youth these glands 
are small in Size both in girls and in 
boys. But at, or just before, the age of 
puberty the girl’s breasts rapidly grow and 
become more prominent-anticipatory, as 
it were, of motherhood. During adoles- 
cence they develop still further. 

The breasts are rounded eminences 
extending from the third to the sixth or 
seventh rib and, when fully developed, 
from the side of the sternum, or breast 
bone, to the armpit. A little below the 
centre of each is a small conical projection, 
the nipple, generally somewhat darker in 
colour than the adjacent skin. Around the 
nipple is a ring called the areola; in the 
young virgin it is generally rosy in colour, 
but it has a darkish brown shade in those 
who are, or who have been, pregnant. 

Producing Milk 

The nipples are perforated by a number 
of fine openings which are the endings 
of tubes leading to the substance of the 
breast. This latter consists of lobes of 
glandular tissue, each furnished with 
an excretory tube, or duct, leading to- 
wards the nipple; and each lobe is sub- 
divided into smaller lobes, or lobules, and 
these again into smaller ones. The tubes 
leading from the smallest division join 
with others, and again join, until they 
ultimately constitute the excretory tubes 
leading to the openings in the nipple. The 
structure is not unlike that of the lungs. 

It is this glandular tissue which, during 
lactation, produces or secretes milk, manu- 


factured from the blood passing rhrough 
the small vessels which surround the 
lactiferous cells. 

The full development of the female 
breast is completed during pregnancy. 
The substance enlarges and the skin of 
the areola darkens in colour. A few days 
before the birth of the child, milk begins 
to be produced and may even exude from 
the nipples. For the first few days after 
the child’s birth the mammary secretion 
is thin and somewhat watery, but from 
about the third day true milk is yielded. 
As the sucking efforts of the baby act as 
an important stimulus to the production 
of milk, it is important to put the baby 
to the breast frequently during the first 
few days. Human milk secreted in the 
breast of a healthy woman furnishes all the 
nutritional needs of a normal infant. 

Emotion and Sex 

Although we cannot here go into any 
detail concerning man’s emotional life, it 
is clear that many emotional factors play 
an extremely important part in the 
machinery of reproduction. The initial 
desire to reproduce one’s kind, the process 
of selecting a mate, and the care and 
affection bestowed on progeny, all be- 
token the workings of mind and feelings 
which are something beyond simple 
physical and chemical forces. It is true 
that among the lower animals we find 
many examples of tenderness for their 
young. In its simpler forms, however, this 
amounts to little more than physical 
attachment to something that must seem 
to be an actual part of themselves. The 
biological value of such parental solicitude 
is obvious. But it is only rarely that we 
find, among the lower animals, any evi- 
dence of those subtle and complicated 
emotional constituents which enter into 
love between man and woman, and which 
have made the fact of sex differentiation 
into a driving force which has been respon- 
sible for some of the greatest of man’s 
intellectual and aesthetic achievements 




Fig. io. Section of womb , showing position of child , immediately before birth . 1, Stomach, 
2 , placenta ; 3, cord attaching embryo to wall of womb ( umbilical cord), the navel marks the 
point at which this cord was attached before birth; 4, bladder ; 3, projecting bag of membrane 
in which the embryo is contained ivithin the womb; 6 , urethra; 7, rectum. Although the unborn 
child has fully developed, in immature form, practically the whole system of organs of digestion, 
blood circulation, nervous system, and so on, it still depends for nourishment, up to the moment 
of birth, on the blood supply it receives from its mother through the umbilical cord. When 
the umbilical cord is severed this source of supply is cut off, and the baby's own organs come 
into action. The sex of the embryo is probably determined at the moment of fertilization , 
and observable differences in its sex are generally manifest after about two months . 
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We have, so far, been concerned with the 
anatomy and physiology of the human 
body, that is, with its structure and organs 
and their functions. We have regarded the 
body rather as a machine, and we have 
taken it to pieces to see how each piece 
works. But we have not yet inquired into 
the power which enables the whole 
machine to function. We have, it is true, 
examined the brain and the nervous 
system, which differ essentially from bones 
and muscle in that they are controlling 
and directing organs, while the others are 
controlled and directed, and we have dis- 
covered that the circulatory system of the 
blood plays a part in receiving and trans- 
mitting sensations and reactions. But we 
have not yet faced the problem of why 
man thinks and feels and acts as he does, 
showing initiative, judgment, and pene- 
tration of thought and capacity in action 
which rank him far above all other 
members of the animal kingdom. This 
problem is the province of psycholog} 7 , 
ihe science of mind. 

Study of Psychology 

Psychology as a study has a long history. 
It dates back at least as far as the ancient 
Greeks. As early as the fifth century b.c. 
it was emerging as a science, with close 
affinities on the one hand with philosophy 
and metaphysics, on the other with the 
natural sciences — biology, chemistry and 


physics. But its progress along these lines 
was checked by two completely effective 
obstacles: man’s ignorance of biology and 
his predilection for abstract thought. As a 
result psychology became divorced from 
science and wedded to philosophy. It is 
only within quite recent days that it has 
again taken its rightful place as a strictly 
scientific study. 

Psychology and Life 

During the centuries that psychology 
was a department of philosophy, it re- 
mained an abstract and abstruse study, 
woven out of the minds of subtle and 
erudite thinkers. From the moment when 
it began to be taken out of the library and 
into the laboratory, and later into the 
market place, it became not only absorb- 
ingly interesting to, but also increasingly 
important in, the life of the ordinary man 
and woman. The philosopher-psycholo- 
gist expended his energy on weaving 
theories as to the nature of mind; the 
scientist-psychologist devoted himself to 
the workings of mind and to obtaining 
direction and control of those workings. 
Along those lines he has been, particularly 
during the past thirty or forty years, pro- 
foundly helpful to ordinary men and 
women in their everyday lives. The ulti- 
mate nature of mind is still in doubt, as 
we shall see, but our knowledge of how to 
control and direct our minds has increased 
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almost incredibly during the present 
century. Unhappily, all too little use is 
made as yet of that knowledge, which in 
many quarters is still regarded with grave, 
though unjustified, suspicion. 

At this point a warning should be 
entered against two widely believed falla- 
cies: that modem psychology is only 
common sense translated into long words, 
and that it is a science which any one can 
master by reading two or three popularly 
written books. It is certainly the business 
of psychology to explore the truth of 
opinions long established by common 
sense, and in so far as it has confirmed 
such opinions, it naturally says the same 
thing, though as a rule more precisely. 

Common Sense and Psychology 

But its verdict in such cases is based 
on solid evidence, and can therefore 
be relied upon, whereas the verdicts of 
common sense, being based largely 
upon hearsay, tradition and convention, 
are rarely entirely reliable. For example, 
King Solomon delivered an opinion two 
thousand years ago that to spare the rod 
was to spoil the child. That opinion has 
seemed uncommonly common sense to 
innumerable parents and teachers ever 
since, and they have acted on it with gusto 
and without question. But it is an opinion 
which modern psychology emphatically 
does not confirm, and which it has in a 
few short years quite efficiently succeeded 
in discrediting. 

The other fallacy, that psychology is 
easy, has resulted from its extreme 
popularization, largely by people who 
know little or nothing about the subject, 
during recent years. Some of the dis- 
coveries of modem psychology have made 
first-rate journalistic stories, and in 
addition, since the science of psychology 
has proved itself capable of improving and 
enriching the lives of men, the subject 
offers openings for all manner of preten- 
tious but unreliable practit'oners. It can- 
not be too strongly emphasized that 
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modem psychology is an exceedingly 
difficult and abstruse science whose study 
demands first-rate intelligence and highly 
trained powers of observation and reason- 
ing. Those facile authors who splash about 
in the foam of its shore-borne wavelets 
can give no conception of the depth and 
complexity of its ocean. 

Certain Knowledge 

Perhaps it may be as well to add a word 
to those who doubt the findings of psy- 
chology. Up to a point they are in good 
company, for no one doubts some of the 
findings of psychology as much as the 
psychologist himself. But after many 
years of incessant research and experiment 
there exists an established nucleus of 
certain knowledge. That nucleus of know- 
ledge may be accepted, and acted upon, 
with absolute confidence. 

One established fact is that the human 
mind, whatever its nature may be, re- 
quires the human brain in order to mani- 
fest itself. If part of the brain becomes 
diseased, or has to be removed, the mind 
suffers. Sleepy sickness, which is an in- 
flammation of the brain, may cause a 
radical change in character; other brain 
diseases bring about the condition known 
as general paralysis of the insane, when 
the patient may imagine himself to be 
God, Julius Caesar, Henry VIII, or any 
other personality his disordered imagina- 
tion may hit upon. 

Glands and Character 

Disorder of the ductless glands may 
also give rise to deflection of character or 
alteration of behaviour, which is the out- 
ward and visible expression of the work- 
ings of the mind. An over-active thyroid 
gland produces emotional over-activity, 
an under-active one slowness of thought, 
depression and suspicion. A woman with 
an over-developed pituitary gland may 
develop a masculine outlook on life. In one 
case well known to students of medicine, 
a girl, previously normally feminine in 
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appearance and outlook, lost both femi- 
nine shape and tastes as the result of a 
tumour of the suprarenal glands. On the 
removal of the tumour she became once 
again a girl, in her figure and appearance 
as well as in her attitude to life. 

Mind and Body 

The extent of the part played by the 
ductless glands in the formation of 
character and personality is still obscure, 
but it is certain that normal physical 
growth and mental and sexual develop- 
ment depend largely upon their balanced 
functioning. It is equally certain that there 
is an intimate and indissoluble relation- 
ship between mental and physical activity. 
Mind and body arc not, as some of the 
medieval psychologists imagined, separate 
entities. They are not even partners work- 
ing in close co-operation. They are indi- 
visible parts of the same organism. Mind 
cannot in this life be separated from body, 
nor body from mind. 

Together they constitute the whole 
person. They are as inseparable as water 
and the waves. For convenience sake we 
talk about this faculty, that sense, that 
instinct. We isolate such factors mentally 
in order to examine each one in detail, we 
pull the machine to bits to see how each 
part works: but it is essential to remember 
that the parts work and the machine 
functions only when the bits are adjusted 
one to another and are working the one 
with the other. An isolated instinct, for 
example, simply does not exist; without a 
functioning body it has neither meaning 
nor means of expression 

Brain and Mind 

Man’s brain is, relative to the size of 
his body, the largest among the animals. 
Its large size is due to a great enlarge- 
ment of the cerebral hemispheres, in 
which are situated what are called the 
higher centres of the brain, that is, those 
dealing with the superior processes of 
thought. One large part of the cerebral 


hemispheres consists of an intricate recep- 
tion centre for messages coming from 
within the body and from without via the 
senses of sight, hearing, smell, taste and 
touch. Another part composes the execu- 
tive side which translates into action the 
messages which it has received. 

Attached to the under surface of the 
brain, close to the region which is con- 
cerned with emotional life and such funda- 
mental activities as sleep and the building 
up and breaking down of body tissue — 
metabolism— -is the pituitary, the most 
important of the ductless glands. From 
this part of the brain, which in an evolu- 
tionary sense is very old, is exercised con- 
trol of the sympathetic nervous system. 

Sympathetic System 

When for any reason we are frightened 
or angry, the sympathetic nervous system 
goes into action; the heart beats more 
forcibly and rapidly, the blood pressure 
rises, extra sugar to supply energy is 
passed into the blood, the stomach and 
intestine cease work, and in extreme cases 
the hair literally stands on end. The pitui- 
tary gland is closely connected with the 
controlling centre of the sympathetic 
nervous system, and it also secretes a 
substance which can excite the suprarenal 
glands to activity. The secretion of the 
suprarenal glands has just the same action 
as the sympathetic nervous system. 

Here, then, is a combination of ductless 
glands under the three-fold leadership of 
the pituitary, the sympathetic nervous 
system and the base of the brain. This trio 
is intimately concerned with growth and 
development, emotional and sexual life, 
and the carrying on of the basic activities 
of the body. If any one of the trio gets 
thrown out of gear, disturbance of both 
body and mind invariably follows. 

Lower down in the brain are collections 
of nerve cells which control breathing, 
digestion and the circulation of the blood. 
These basic activities are carried on auto- 
matically, and life thus depends on their 
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persistence. A man can stop thinking, and 
survive; but if he ceases to breathe he dies. 
These activities are described as reflex, 
that is to say, they happen automatically 
in response to stimuli. When a piece of grit 
is blown into the eye, the eyelids close, 
as we say, instinctively. No effort of will 
power can prevent the eyelids closing; they 
have done so before the will has any 
opportunity to come into action. 

Reflex Action 

If you have ever been through a medical 
overhaul by a doctor, he has probably 
made you cross one knee over the other 
and has then tapped the front of your leg 
just below the knee-cap with a hammer. 
If your reactions are in order your leg 
jerks upwards sharply. You cannot prevent 
it doing so. It has happened, so to speak, 
before you realize it has happened. 

That is a reflex action. What takes place 
is as follows. The blow of the hammer 
stimulates sensory nerve endings in the 
knee-cap. From these the message “I’ve 
been stimulated” swiftly ascends the sen- 
sory nerve to the spinal cord. There a 
switch over from one part of the cord to 
another takes place, with the result that 
the message “jerk” travels down a motor 
nerve to the muscles in the front of the 
thigh. These muscles contract, and cause 
the leg to jerk forwards and upwards. 

Nervous Stimulus 

The elements of the reflex action are 
the stimulus, the message going to the 
centre along the sensory nerve, an adjust- 
ment at the centre, and an outgoing 
message which makes a muscle do some- 
thing. Now consider an illustration on a 
higher mental plane. A door bangs un- 
expectedly. You start or jump. You have 
no power to prevent yourself doing so. If 
your nerves are not in too good a state 
at the moment your heart may beat faster 
for a moment or two, and you may feel 
cross or ashamed at having been so silly. 
You may even vent your exasperation on 
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the nearest person (particularly if this be 
a child) by demanding angrily why he did 
not shut the door when he came in. If the 
other person answers back a quarrel may 
easily ensue. Let this incident happen 
shortly before a meal, and you can quite 
well sit down without appetite and get up 
with indigestion. Thus do mind and body 
interact: your emotional disturbance has 
been responsible for the disorder which 
has occurred in bodily functions. 

If you analyse such an episode, you 
must conclude that your reaction to the 
door banging was grossly exaggerated. 
You manifested every sign of alarm, yet a 
moment’s cool thought shows you that the 
banging of a door is quite harmless. It 
would appear that in response to such a 
stimulus the adjusting mechanism in the 
brain provokes an interpretation which 
does little credit to the intelligence of the 
mind, since it results in the latter issuing 
quite foolish orders to the body. 

Ancestral Memory 

There must obviously be some reason 
for this irrational procedure. Can it be 
possible that these apparently stupid and 
unnecessary responses represent, as it 
were, the residue of a habit ingrained by 
bitter experience in those far-off days 
when noise really did indicate harm, when 
a noise in the forest spelt danger to our 
early ancestors, and when a split second 
in time or the least unpreparedness in 
defence might mean the difference be- 
tween life and death? It seems strange 
that several centuries of civilization should 
not have eradicated such primitive traits 
— and yet, what are a few centuries when 
placed beside the vast ages of primeval 
time? Habits acquired in the few brief 
years of childhood can persist throughout 
a lifetime; can we expect the habits of a 
thousand thousand years to be eliminated 
in a score or so of generations ? 

The question then arises, what makes 
these habits persist ? Is it a physiological 
mechanism, set up countless centuries 
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ago, which continues to function though 
the need for it has long passed ? Is it, so 
to speak, a system of reflex actions which 
has become out of date ? 

Or is it the result of a memory from 
earlier life, or even of an ancestral 
memory, buried deep in the mind and 
handed on from generation to generation ? 
Neither theory seems impossible. 

Memories of Childhood 

It is surely not fantastic to suggest that 
the noise may remind the person who 
starts or jumps of some previous danger- 
ous, or apparently dangerous, experience. 
May it not be that the startled jumper 
was as a very young child so terribly 
frightened by a loud noise (and babies are 
terrified by loud noises) that he has never 
since been able to control the impulse to 
jump whenever a door banged ? The weak- 
ness of this argument seems to be that the 
impulse to jump, or at least to start, in 
such circumstances is almost universal; 
and this theory would imply that nearly 
every one had been so frightened in early 
childhood by a loud noise that the experi- 
ence had remained unforgettable. And 
even so one has still to explain why every 
young baby is from the moment of birth 
terrified by loud noises. That fact rather 
seems to lead us back to the idea of a 
persisting ancestral memory. 

Unconscious Activity 
In either case we have to note that 
except in very rare instances there is 
absolutely no conscious memory of the 
original experience which (on this theory) 
has left the individual subject to jitters 
whenever a door bangs. And the usual 
reaction shows how much against our 
inclination the signs of fear are; we almost 
invariably reproach ourselves for having 
been made to appear afraid. Is there, then, 
an unconscious mental activity linked in 
some way with conscious mental activity, 
yet definitely different and apart from it, 
and as a rule hostile or opposed to it ? If 


it be so, is the basis of that activity physio- 
logical or psychical ? 

Both these last possibilities have been 
explored very thoroughly by modem 
psychologists. The work of the eminent 
Russian physiologist, Ivan Petrovich 
Pavlov (1849-1936) on reflex actions is 
world famous. He experimented largely 
with dogs. For example, he trained a dog 
to associate the ringing of a bell with meal 
times (Fig. 1). Every time a bell rang in 
the dog’s hearing food was always there 
for the eating. 

Conditioned Reflexes 

Now with the dog, as with human 
beings, the sight, smell, sound or even 
thought of food can induce salivation. 
Very soon, Pavlov discovered, his dog 
began to salivate as soon as the bell rang. 
So he rang the bell, but produced no food. 
The dog still salivated. The animal could 
not help itself; salivation at the sound of a 
bell had become a reflex action. But it 
was not a natural reflex action; the ordi- 
nary dog does not salivate at the sound of 
a bell. Pavlov called this a conditioned 
reflex; it had been built up as a result of 
the association in the dog’s mind. 

A whole school of psychology has arisen 
on the basis of the conditioned reflex. 
Pavlov himself thought that every item of 
man’s behaviour, from the simplest to the 
most intricate, could be explained in terms 
of nervous reflex to external stimuli. The 
behaviourists, as they are called, led by 
the American psychologist, J. B. Watson, 
have developed Pavlov’s theories even to 
the extent of denying man anything in the 
way of a soul or even a conscious mind. 

In their opinion the old saying: “I think, 
therefore I exist,” is all wrong; it should 
read: “I act reflexly, therefore I live.” 
The critic of this theory naturally asks, 
if the behaviourist denies consciousness, 
how can he be aware, that is, conscious, 
of other people’s conditioned reflexes? 
It is an objection which has not yet been 
satisfactorily explained away. 
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Many people repudiate entirely or in 
part the behaviourist theory, but every 
student of psychology admits that the 
work of this school has been of immense 
value to the science. The behaviourists 
have always insisted on objective observa- 
tion and measurement, and have carried 
out a vast number of experiments dealing 
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and useless reaction, in that it was made 
to avoid a danger which did not exist. 
But, and here is the interesting point, the 
child had been so conditioned that the 
danger was to him as real as if it actually 
existed. It is obvious that a whole way of 
life can be built up by such conditioning, 
and Watson holds that many of the 



Fig. 1. The sight , smell or sound of food induces salivation in dogs , as in humans. The 
illustration shows how a dog was trained to associate the ringing of a bell with meal times. 
Whenever a bell rang, food was present. After a short time , the dog began to salivate at the 
sound of the bell even when there was no food. The salivation had become a conditioned reflex. 


with sensual stimuli. Watson’s experi- 
ments with young children are well known 
to every psychologist and teacher. Among 
others, he showed an infant a toy and at 
the same time made a loud noise. After 
the experiment had been repeated a few 
times Hfe showed the toy but made no 
noise. The child was still as frightened as 
when the noise had first been made. 

The child’s fear of the toy was a con- 
ditioned reaction. It was also an irrational 


irrational fears of neurotic subjects are 
the result of progressive conditioning by 
a series of life experiences, and that every 
action is in fact a conditioned reflex. 

We become aware of the world through 
the senses of sight, hearing, smell, taste, 
touch, through what are called the special 
senses, and through muscle sense. It is 
important to realize what becoming aware 
of the world means. To take one example, 
we say we see a tree. What exactly do 
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we mean by that? Something as follows. 
Light reflected from the tree enters the 
pupil of the eye, falls upon the retina at 
the back of it, and there sets up a number 
of impulses which travel along the optic 
nerve to the brain. The brain fits these 
impulses together, synthesizes them, and 
so constructs the image tree (Fig. 2). 

Transmitting Impulses 

Note that there is no immediate contact 
between the observer and the tree, no first 
hand direct awareness of the tree. There 
is a reception by the brain of nervous im- 
pulses set up by an external stimulus. 
Without the stimulus, which in this case 
is light, there can be no image; equally, 
without the mental interpretation the 
image cannot materialize. When there is 
no light there is no image; in complete 
darkness a tree is invisible. If the nerve 
which conveys the retinal impulses to the 
brain be cut, the tree will not be seen; if 
the part of the brain concerned with 
seeing be removed, the tree would be 
equally invisible, as it is when the lens of 
the eye becomes opaque through cataract 
or some other cause. Seeing is a material 
act; it does not consist of a mystical 
relationship between the observer and the 
thing observed. It is dependent upon the 
condition of both body and mind. It is 
dependent to some extent even upon diet; 
if you do not get a sufficiency of vitamin A 
in your food you do not see so well in the 
dark as you would otherwise. 

Muscle sense is important. The altered 
tensions of muscles in contraction and 
relaxation are accompanied by streams of 
impulses flowing to the spinal cord and 
the brain. These sensory impulses enable 
the brain to judge differences between the 
weights of objects, to know the positions 
of the limbs in space, to enable one, for 
example, to touch the tip of the nose with 
the finger when the eyes are shut, to type 
without looking at the keys, or to catch 
and hold a cricket ball above and behind 
one’s head. 


Sensations of cold, heat, touch, and 
pain are conveyed to the brain by nerves 
connected with definite and separate 
cold, heat, touch and pain spots on the 
surface of the body. Some points of the 
skin are sensitive to cold but not to heat, 
and vice versa. Touch spots are parti- 
cularly numerous in the tips of the fingers, 
less numerous in the small of the back, 
where obviously they would be less useful. 

This contact of the world through the 
senses results in a constantly changing 
adjustment of the person to the world. 
But only because the brain and the 
nervous system are also concerned. The 
purpose of sensation is to enable the body 
to act, to put and to keep the body in a 
correct relationship with the world. It 
could not do so without the energy 
generated by the brain. 

Electricity of the Brain 

It has recently been observed that the 
brain cells discharge electricity, and that 
this charge varies according to the part 
of the brain and the state of the health. 
The base of the brain discharges at a 
different rate from the cerebral hemi- 
spheres. In health the brain gives out a 
steady rhythmic discharge; in disease the 
type of discharge varies. The emotional 
disturbance caused by anxiety is accom- 
panied by excessive electrical activity of 
the nerve cells of the base of the brain, 
which interferes with the rhythm of the 
discharge of the higher centres. 

Such discoveries offer the prospect of 
much hope for humanity. The more we 
can get to know about the mechanics of 
mental processes, of their anatomy and 
physiology, the more likely we are to gain 
control over these processes. Even serious 
forms of insanity are now being cured by 
the production of violent chemical changes 
in the body. But complete knowledge of 
the chemistry and mechanics of mental 
processes would not necessarily mean that 
we had solved the problem of mind— 
unless, indeed, that school of psychology 
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is correct which maintains that all mental 
activity is purely physiological. 

There are many schools of psycho- 
logy, and it is fashionable to emphasize 
the differences between them rather than 
the similarities. But there are essential 
similarities, and it is vital not to overlook 
these. Psychology today, of whatever 
school, is based upon observation. It holds, 
in common with all other sciences, that 
everything which happens has a cause. 


PSYCHOLOGY ^ 

Why, then, do their theories differ? 
Simply because of incomplete knowledge 
of the facts. So long as knowledge is 
incomplete it remains possible to interpret 
the evidence in different ways; and each 
interpretation must remain more or less 
suspect. Modern psychologists are there- 
fore modest about their claims; it is only 
their ignorant disciples who are dogmatic. 
AH that great psychologists claim as 
certain is that small body of knowledge 



Fig 2. What happens when, as we say , ** a tree ? Light reflected from the tree enters the 
eye falls upon the retina, and sets up a number of impulses which travel along the optic nerve 
to the brain which synthesizes them, and builds up the image tree. We become conscious 
oj the tree only through the stimulation of the senses and the activity of nerves and brain. 


and that the cause precedes the effect. 
This may seem very obvious, but more 
than one science has in the past been 
guilty of confusing the cause with the 
effect, and so putting the cart before the 
horse. It should be fully understood that 
today psychologists do not start off with a 
neat little parcel of theories and proceed 
to fit the facts to them; their theories grow 
out of their experiences and the many 
facts they accumulate. 


common to all schools of psychology. 

Until recently there appeared to be an 
absolute cleavage in thought between 
those who interpreted mental activity as 
a purely physiological process and those 
who regarded it as a process above and 
beyond physiology, though using physio- 
logical means — i.e. brain cells and nerves 
—to secure some of its effects. That 
cleavage is not nearly so evident today; the 
physiologists are prepared to admit the 
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reality of psychic processes beyond 
explanation by physiological arguments, 
and the psychic school are prepared to 
admit much more than heretofore the 
importance of physiological processes. In 
part this is due to general increase in 
knowledge, in part to the work of the 
greatest revolutionary the science of 
psychology has ever known, Sigmund 
Freud, the founder of psycho-analysis. 

Psycho-analysis 

It is not proposed here to present the 
complete theory of psycho-analysis, nor 
to attempt to indicate more than a few of 
its repercussions upon psychological 
thought. Before doing even that, we would 
point out that Freud, far from being an 
armchair theorist, as is so often imagined, 
was throughout his long career a very busy 
consulting physician, and that his theories 
were all developed from his practical 
clinical experience. 

As is well known, psycho-analysis is 
founded upon the theory that there exists 
in each of us an unconscious mind, re- 
pressed by and in conflict with our 
conscious mind. First, then, one should 
examine clearly what is meant when these 
terms are used by psychologists. 

Field of Consciousness 

Of what, as you read these words, are 
you conscious? As I write them, I am 
conscious of what I am setting down, of 
my pen, paper, the pipe I am smoking, 
the table at which I sit, the watch beside 
my manuscript, and, though less com- 
pletely, of various other sheafs of papers 
on the table, I am conscious of the chair 
on which I sit, the light in the room. I am 
conscious that someone is hoeing in the 
next garden, that a bird is singing outside 
the window, and that at this moment a 
motor car is passing the house. 

Suppose I lay down my pen, drop my 
work and go out of the room to take up 
some other occupation. At once a whole 
host of other ideas comes into my con- 


sciousness, and the ones which previously 
occupied my mind begin to fade, if not 
into oblivion, at least into partial forget- 
fulness. Consciousness, you see, is very 
much concerned with the here and now. 
My consciousness will be a very different 
matter from what it was, by the time I 
reach the front door. Yet I shall be 
essentially the same person; my know- 
ledge will not noticeably have increased 
or decreased, my experience will not 
materially have altered. I could have 
written these words just as well yesterday 
as I do today; if I leave this work for an 
hour or a day I shall be equally able, on 
resuming it, to carry on. But in the mean- 
time my mind will not be consciously 
occupied with the argument of this 
chapter; it will be occupied with quite 
different matters. 

Immediate Consciousness 

One’s immediate consciousness, then, 
appears to be that particular layer of the 
mind’s content which is uppermost at the 
moment. That layer is capable of being 
changed at a moment’s notice, or even, it 
would appear, without any notice at all. 
For instance, if while you are reading this 
book, there is a sudden cry outside of 
“Fire!” and a fire engine is heard rapidly 
approaching, you will be strangely reso- 
lute if you do not hurriedly put down your 
book, rush to the window or door, and 
follow the course of the engine with eager 
interest, all thoughts of your reading 
having for the moment passed from your 
mind and out of immediate consciousness. 

Further reflection will show you that, 
quite apart from such sudden interruption 
and diversion of thought processes there 
is a vast host of matters— large and small, 
significant and insignificant — stored in 
your memory, which is not in your imme- 
diate consciousness, but which can be 
recalled to it on demand, so to speak, with 
the utmost ease. This store of knowledge 
and experience ranges from memories of 
early childhood to those of events of the 
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immediate present and to thoughts of the 
future— the appointment you have made 
to go to the pictures tomorrow evening, 
for example, or the joint you must remem- 
ber to order for next Sunday. The more 
you examine it the more you realize that 
the mind is like a huge department store 
filled with a huge and comprehensive 
array of goods of all kinds. 

But just as not all the goods — nor even 
the main part of them — are on view in a 
department store, but are hidden away in 
drawers and cupboards and store rooms 
and warehouses, so we find that not all 
memories stored in the mind are, so to 
speak, for ever on display. We occasionally 
have to take them down from the shelf 
or out of the drawer. 

Forgetting and Remembering 

Sometimes little or no effort is required 
to bring them back; sometimes one 
memory recalls another (“It was the 
day we went to Brighton and met Aunt 
Mary on the West Pier; she told you how 
she had used Bestokur.” “Oh, yes, of 
course I remember !”), and with the recall 
of what one may perhaps call a key 
memory, a whole flood of associated 
memories will return. But sometimes a 
memory proves difficult to recall. At times 
even the most concentrated mental effort 
fails to recover a memory, a fact, an event, 
you wish to recall. This often happens 
without any apparent reason. For ex- 
ample, you see in the street someone you 
know perfectly well; and when he stops 
to speak, you realize with horror that you 
are quite unable to remember his name. 
That you have not permanently forgotten 
it becomes obvious when, in the next 
street, or next day, the name slips back 
into your mind with the utmost ease — so 
easily that you wonder how on earth you 
could ever have forgotten it. 

It would almost appear in such a case 
that at the moment when you met your 
acquaintance you did not wish to remem- 
ber his name; and that, more or less, is 


precisely what the psycho-analyst will tell 
you does happen. He will say that during 
the period while the name remains in- 
accessible, it was being kept out by a 
considerable force (of which you are quite 
unaware) resisting your earnest— and quite 
honest— attempt to recall the name. 

Day-dreams 

If you allow yourself to relax and day- 
dream, you will find that all sorts of odd 
ideas and fleeting fancies will pass through 
your mind. They reveal a very different 
type of consciousness from the one which 
occupies itself with the practical business 
of everyday life. They may surprise or 
even shock you, just as a dream, or still 
more a nightmare, is sometimes a very 
shocking affair. This, you will say, is not 
your real mind at work; this is something 
fantastic, something more than a little 
mad, which has possessed you. Why 
should this be ? The popular explanation 
of a night full of weird dreams is an indi- 
gestible supper. But that completely fails 
to explain the day-dream, which may 
happen quite without reference to food, 
and which is essentially of the same 
character. Psycho-analysis offers the expla- 
nation that all the time a mental- life is 
going on in our minds which is normally 
excluded from consciousness, but which 
comes to the surface when the usual 
restraints upon thought are not present, 
that is, during our sleep and during the 
more unguarded and less alert moments 
of our waking hours. 

Repressed Memories 

The importance of this unconscious 
mental activity was being revealed during 
the earlier years of Freud’s professional 
life by investigations which he and others 
were making into the effect of hypnotism 
upon hysterical patients. It was found that 
when a patient had been hypnotized he 
could be induced to recall memories which 
he was quite unable to recall when fully 
awake. These memories were of a painful 
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nature and referred usually to events 
which had happened in early childhood. 

Two further striking discoveries were 
made. The presence of these repressed 
memories in the mind was responsible for 
the distressing traits in the patient’s 
character and behaviour; and their recall 
to consciousness cured or relieved the 
patient. But unfortunately it soon became 
clear that the relief obtained through 
hypnotism was not necessarily permanent. 
The patient tended to relapse when he 
lost contact with the doctor who had 
hypnotized him. Freud therefore set out 
to discover a method whereby these harm- 
ful memories and wishes buried in what 
he called the unconscious could be 
brought into consciousness by the patient 
himself. He found it in free association, 
which is, in effect, the day-dream of 
reverie used scientifically. 

The Unconscious World 

Now this does not mean that any one, 
by simply rclaxmg and day-dreaming, can 
psycho-analyse himself and rid himself of 
harmful repressed memories. The aid of 
the skilled physician is still necessary, for 
the memories which are recalled have to 
be sorted out and interpreted before any 
use can be made of them. The unconscious 
is a wild, primitive and emotional world; 
it has no processes of rational thought, but 
deals in symbols and substitutes, and in 
mental pictures unknown to the conscious 
mind. Unknown harm may be done, and 
has been done, by ignorant or even semi- 
skilled persons attempting psycho-analysis. 
It is at best a long and frequently painful 
procedure and one which should be en- 
trusted only to the most highly skilled and 
reputable practitioners. 

Through the technique of analysing the 
memories, wishes and desires revealed in 
free association, a great deal has come to 
be known about mental activity and mental 
structure, and a new theory has been 
evolved about the nature of instinct. 

This last is a subject which has engaged 


the attention of psychologists of all schools. 
Volumes have been written about it. 
Imposing lists of instincts have been com- 
piled. Perhaps the best known is that of 
William McDougall. 

The word instinct is in conversation 
used very loosely, being given normally a 
much wider meaning than it has in its 
scientific sense. An instinct is a funda- 
mental drive or urge. It creates energy 
which must find release in action. It is 
primitive, and therefore the expression it 
would naturally crave must be curbed and 
restrained in a civilized society. While 
instinct supplies the dynamo to life, it 
is the function of reason to supply the 
steering wheel and the brake. 

Instinctual Urges 

Instinctual urges common to all living 
things are those of self-preservation and 
feeding. The instinct of self-preservation 
includes both offensive and defensive re- 
actions against potential enemies. Modern 
psychologists have been so impressed by 
the strength and prevalence of the im- 
pulse to aggression that some of them 
have elevated it to the status of a full 
instinct. There is some justice in the 
argument; when in the days of long ago 
man was still fighting for supremacy in 
the world of mammals, aggression was 
vital to his success. He could never have 
become supreme merely by defending 
himself against his foes. Aggression, too, 
was necessary then if he was to get food. 

Hunger and thirst drive all animals to 
obtain food. The taking of food is enjoy- 
able, going without it painful. Even the 
imitation of taking food is pleasurable: a 
baby will suck anything (Fig. 3), and it 
would not do so unless it found pleasure 
in sucking. The attendance of pleasure 
upon the satisfaction of an instinct, seems, 
indeed, to be one of its hall-marks. Note 
how satisfying aggressive action is. War, 
in spite of all its horror, its inevitable and 
universal bestiality, its savage cruelty and 
its intolerable terrors, still appeals to, nay, 
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fascinates, some minds. Civilized men and 
women hunt foxes and stags, shoot birds 
and beasts “for the fun of it,” that is, for 
the enjoyment they get out of it. Bull 
nghting is the national sport of Spain. 
Our own British pastimes, cricket and 
football, harmless though they are, are 
based on the pleasures derived from 
aggression. Both bowler and crowd get a 
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A third instinct is that of sex, necessary 
for reproduction. Here again nature has 
contrived that satisfaction of this instinct 
shall be pleasurable. Upon the founda- 
tion of sex has been erected the vast and 
many-sided edifice of love, with all its 
ramifications. The love of man for his 
wife, of parents for their children, of 
friend for friend; the urge to create, the 



Fig. 3. A baby will suck anything , even its thumb , in order to satisfy its instinctual urge to 
take food. Instinctual urges are the fundamental driving forces of life , creating energy 
which must find release in action. Hunger and thirst , self-preservation , and sex are among 
the most powerful of these forces ; they represent the primitive part of mind-body activity. 


thrill when a batsman is clean bowled; 
batsman and crowd are hugely pleased 
when a ball is hit clean out of the ground. 
These highly aggressive acts not merely 
please; they give genuine emotional satis- 
faction. Similarly, in football, the daring 
tackle and the rasping shot that leaves the 
goalkeeper gaping are the high spots of the 
game. Compare the thrill these give with 
that afforded by the neat bit of footwork 
which so orten paves the way to goal. The 
latter often passes almost unnoticed. 


willingness to sacrifice self for an ideal — 
all are expressions of this fundamental 
urge. Unfortunately, evil comes from it, 
too — jealousy, envy and hate. 

The instincts represent the ancient and 
enduring part of mental activity, or to 
speak more accurately, of mind-body 
activity. They determine the direction of 
and give force to all those qualities of mind 
upon which we so much pride ourselves; 
the higher aspects of mind and mental 
activity all depend upon the dynamo of 
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instinct. Consequently the balance of the 
instincts, the strength of one and the 
opposition afforded to another, is all- 
important. So too is the restraint imposed 
upon each and all. Instinct unbridled 
spells chaos for the individual and society; 
instinct eliminated (or repressed, for it 
can never be really eliminated) produces 
a characterless individual. Far more im- 
portant than the knowledge he learns at 
school is the balance which the child, 
under the guidance of his parents, teachers 
and friends, learns to strike between his 
instinctive impulses and the obligations 
imposed by living in society. 

The Freudian theory pays over-riding 
attention to the struggle between instinct 
and society which takes place in early life. 
All schools of psychology are agreed that 
the years of infancy and early childhood 
are by far the more important for character 
development; some psychologists go so 
far as to assert that character is set and 
fixed by the age of five, or at most by 
seven, and that after approximately that 
age only minor modifications are possible. 

Character and Heredity 

The growth and development of charac- 
ter is not, of course, so simple a matter as 
a straight fight between instinct and the 
rules of society. To what extent character 
is determined by heredity is as yet un- 
known, but sufficient has been said about 
genes and chromosomes to indicate that 
heredity must play a vital part. There is 
also the question of environment, by 
which term is meant every external 
influence which plays upon the child and 
man at every moment of his life, from the 
climate in which he lives to the fondness 
of his mother for tea or of his father for 
tobacco. This last is meant quite seri- 
ously; even details count — some of them 
much more than one would think. 

People are unfortunately apt to talk very 
loosely about heredity, environment, 
eugenics, the improvement of the race and 
the elimination of the unfit. Such slogans 


as “Sterilization of the Unfit” sound very 
attractive, but they are usually taken up 
by those with quite inadequate knowledge 
of the scientific problems involved. 

Such people have, it is true, a very 
plausible analogy on which to base their 
argument. From time immemorial, man, 
in his ceaseless endeavour to improve 
the world and to increase his own comfort, 
has constantly sought to modify the life- 
habits of animals not of his own species in 
order to render them of use to himself 
In very early days he tamed the horse; 
he has transformed oxen, elephants and 
camels into beasts of burden, cattle and 
wild fowl into domestic providers of food, 
dogs and cats (representative of two of the 
most dangerous species of wild animals) 
into companions and pets (Fig. 4). 

Selective Breeding 

In the course of turning these creatures 
to his desired ends, he early discovered 
that the results obtainable by prolonged 
training and environmental modification 
could be speeded up and secured by 
successional selection of the parents. A 
number of individual characteristics, such 
as size, colour, substance, and so on, 
were noticed to be in marked degree 
hereditary, and such knowledge is not 
only the root of all successful livestock 
breeding today, but has also been applied 
comprehensively and with striking results 
to the improvement of agricultural and 
horticultural seed and stock. 

What is more natural than that, follow- 
ing the general acceptance of the theory 
of evolution and of the consequent physio- 
logical relationship between man and the 
rest of the animal creation, simple-minded 
enthusiasts should have been led tp believe 
that all that was necessary was to apply to 
the human race those principles which 
have produced such eminently satisfactory 
results in the show rings of our agri- 
cultural societies and the prize tents of 
horticultural shows ? Unfortunately, 
the matter is not so simple as that. 
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Fig. 4. Since the very earliest times man has constantly sought to modify the characters 
and habits of other animals in order to make them useful to himself. The offspring of animals 
which are represented by the most dangerous species of wild beasts , the lion and the wolf , 
have been tamed by man into the cat and the dog. 


When Charles Darwin published the 
Origin of Species in 1859 he evoked a 
storm of protest, but he made an analysis 
of evolution which is accepted with very 
few modifications today. Darwin said that 
two factors were responsible for evolution: 
variation and inheritance, A variation 
implies some change in the species which 
can be inherited, that is to say, passed on 
to subsequent generations. Some inherited 
variations became established character- 
istics of the species, but others are re- 
jected or bred out, becoming fewer and 
fewer in succeeding generations. Clearly 
this differing success of variations must be 
in some way concerned with the workings 
of heredity, but it must also have some- 


thing to do with the world the animal has 
to live in. A variation which makes an 
animal incompetent in some way — which 
reduces, say, its ability to withstand a cold 
winter — will soon disappear. On the other 
hand every variation which promotes 
efficiency gives the animal a better chance 
of survival, and, by reason of the sur- 
vival of the fittest, gradually spreads 
throughout the species. This effect of the 
environment upon variations was called 
by Darwin “Natural Selection.” 

What sort of variations had he in mind 
when he formulated this theory? They 
were nothing very startling, just tiny 
changes passed on from one generation to 
another, making the species in the long 
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run better fitted to cope with the problems 
surrounding it. Outstanding variations 
have occurred occasionally; for example, 
it is said that all weeping willow trees 
spring from a single ancestor which 
appeared a few hundred years ago (Fig. 5). 
Before that time all willows were of the 
ordinary kind with upstanding branches, 
but this single tree, a “sport,” as such 
eccentricities are called, was an example 
of a striking variation which happened to 
be heritable, giving rise to a new species. 
Possibly it was an outstanding variation 
of this sort which made mammals give up 
laying eggs in favour of the method of 
retaining the developing young in their 
bodies. But great leaps of this kind are not 
those which Darwin thought responsible 
for steady evolution. 


Darwin knew nothing about the mech- 
anism of inherited characteristics; he 
could only speculate about this. For the 
foundations of our knowledge about this 
important subject we are indebted to a 
contemporary of his whom he never met. 

In the middle of the last century there 
lived in a monastery of Brunn, in 
Moravia, a patient and retiring botanist 
called Gregor Mendel. This studious and 
observant German carried out in the 
garden of his monastery a long series of 
breeding experiments with plants from 
which he drew certain conclusions, the 
significance of which went almost un- 
recognized for thirty or forty years. They 
are now universally accepted by scientists 
as marking one of the most profound 
revolutions in the science of biology. 



Fig. 5. Occasionally an odd variation from standard types proves strikingly successful, and 
produces a new species. Originally all willow trees, for example, were upright, but an accident- 
ally appearing weeping willow tree is said to have been the ancestor of all those now existing 
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Fig. 6. The way in which characteristics are inherited was investigated by Gregor Mendel 
in a series of experiments on garden peas. He mated a tall pea with a dwarf pea and 
discovered that their offspring were all tall , but that in the second and third generations 
short plants reappeared in a definite proportion , only some of the tall plants breeding true. 


Most of Mendel’s experiments were 
carried out on garden peas (Fig. 6). In the 
most classic experiment of all, he mated a 
tall pea with a dwarf pea and found that 
in the first generation of descendants all 
the offsprings were tall. He mated these 
tall offsprings with each other and in the 
second generation tall and short plants 


appeared in the proportion three tall to 
one short. The short plants when mated 
with each other gave nothing but short 
offsprings. Amongthetall plants one-third 
bred true, giving nothing but tall plants. 
The other two of the tall plants when 
mated together produced tall and short 
descendants in the same proportion as in 
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the previous generation: that is to say, 
three tall to one short. As a result of these 
experiments he formulated the following 
law: — 

When pure-bred individuals exhibit- 
ing a pair of contrasting characteristics 
are crossed, the original types separate 
out among the grandchildren in a 
definite proportion. 

Dominance and Recessiveness 

Among the peas grown by Mendel the 
two contrasted characteristics were tallness 
and shortness, and the proportion in which 
they separated out among the grand- 
children (the second generation) was 3:1. 
Since tallness occurred so much more 
freely in the series than shortness, Mendel 
called tallness a dominant characteristic 
and shortness a recessive one. 

From these experiments, scientists who 
lollowed him have argued in this way:— 

1. There are characteristics which are 
inherited. 

2. The reproductive cells must carry 
hereditary factors which correspond 
with these characteristics. The factors 
have been called genes. 

3. Each reproductive cell carries a gene for 
each and every heritable characteristic 
which the future individual may ex- 
hibit. Thus the individual arising from 
the union of two reproductive cells has 
a double set of genes, each of the parent 
reproductive cells contributing one set. 

4. Characteristics may be contrasting: for 
example, eyes may be brown or blue, 
hens may be black or white, peas may 
be tall or short. Contrasting character- 
istics of these kinds are said to be 
“allelomorphic,” which simply means 
that they are alternative forms of the 
same characteristic. 

Bearing in mind Mendel’s findings with 
peas, let us try to find out what happens 
in the inheritance of blue and brown eyes, 
noting first that brown eyes are dominant 
to blue ones. If a brown-eyed man mates 
with a brown-eyed woman all their child- 


ren will have brown eyes; and so long as 
their descendants go on mating with 
brown-eyed people the stock will remain 
brown-eyed. The same is true when two 
people of pure blue-eyed stock mate 
together; their children will be blue-eyed 
and blue-eyed only. But if a blue-eyed 
person mates with a brown-eyed person 
the children (first generation) will be 
brown-eyed, because brown is dominant 
to blue. If those brown-eyed children 
mate with others with a like family 
history, their children (second generation) 
will show brown and blue eyes in the ratio 
of three brown-eyed children to one blue- 
eyed. 

Blended Characteristics 

Dominance is not an essential of 
Mendelian inheritance. Sometimes two 
contrasting characteristics are so evenly 
balanced that they produce an appearance 
of blending in the offspring. If a black 
Andalusian fowl is mated with a white 
one, the offspring (first generation) are 
coloured an attractive shade of grey. 
Breeders used to hope that by mating 
these grey fowls they would establish a 
new grey strain but they were disappoint- 
ed, for in the second generation the 
original characters re-appeared in the 
proportions of one black, two grey, one 
white. The black and the white offspring, 
when mated with their own colour bred 
true but the grey fowls, when mated with 
each other, continued to produce offspring 
in the ratios of one black, two grey, one 
white. This shows clearly a most import- 
ant point, namely: that though the 
characteristics (black and white) became 
blended, the genes carrying them did not. 
The original characteristics appeared in 
the second generation, showing that the 
genes were still acting as individual units. 

The reader cannot fail to see the bearing 
of the Mendelian theory on the practical 
problems of eugenics. It throws light on 
those mysterious reappearances of ances- 
tral traits which seem to have skipped 
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several generations. The factor responsible 
for them has in truth been the recessive 
member of a pair present in the germ cell 
of each member of the intermediate 
ancestry. Only when union has occurred 
between a germ cell containing that factor 
and another germ cell similarly furnished 
has the outward appearance been able to 
manifest itself. To understand how this is 
possible one must inquire into the work- 
ings of the genes, or hereditary factors in 
the reproductive cells. 

No one so far has seen a gene; but we 
know a good deal about them for all that. 
They are carried in the nuclei of the 
reproductive cells, and are so small that 
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they cannot be seen even with the most 
powerful microscope. 

Every cell in the body, except the red 
cells of the blood, contains a nucleus, a 
little mass of granular material, called 
chromatin. When a cell is about to divide 
a change occurs in this granular material; 
the chromatin forms a long chord which 
then splits up into short lengths or strands. 
These strands are called the chromosomes. 
Before the cell divides each chromosome 
splits in two along its whole length and 
one-half of it goes into each of the two 
new cells (Fig. 7). 

The number of chromosomes in any 
species is constant and the characteristic 
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of that species. In man there are forty- 
eight chromosomes in every cell of the 
body. The chromosomes in each cell can 
be arranged in pairs which resemble each 
other, so that every cell in man contains 
twenty-four pairs of chromosomes. This 
has nothing to do with the splitting of the 
chromosomes which occurs when a cell 
divides. Every cell before division con- 


tive cell is being formed by the ovary of 
a female drosophila. 

To form this cell a special type of 
division occurs which has been called 
“reduction division” because in it the 
number of chromosomes is reduced to 
half in the process. When a parent celi 
from the ovary of drosophila is about to 
divide to form two daughter cells (ova), 



Fig. 8. Much of our knowledge about chromosomes comes from the study of a small creature 
called drosophila melanogaster , in which there are only eight chromosomes. 


tains forty-eight ■ chromosomes (twenty- 
four pairs); when the cell divides every 
member of the forty-eight splits longitu- 
dinally so that each of the new cells 
receives forty-eight chromosomes (twenty- 
four pairs). 

In man the chromosomes are so numer- 
ous that experimental study of them is 
difficult. Students of heredity have accord- 
ingly concentrated on drosophila melano- 
gaster (Fig. 8), in which there are only 
eight chromosomes (four pairs). Its 
chromosomes are not identical in the male 
and female; but at the moment let us 
consider what happens when a reproduc- 


instead of splitting longitudinally, after 
the usual plan, the chromosomes remain 
intact, but one member of each pair 
passes into each of the daughter cells. 
Thus every ovum contains only four 
chromosomes. The same is true of every 
male reproductive cell; by a similar pro- 
cess of reduction division the number of 
chromosomes in each spermatozoon is 
also halved. 

The purpose of this arrangement is not 
far to seek: when the ovum is fertilized by 
the spermatozoon the nuclei of the two 
cells fuse together, and the normal num- 
ber of chromosomes (four pairs) is 
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restored. In this way the characteristic 
number of chromosomes is maintained 
in every member of the species. Were it 
not for reduction division the number of 
chromosomes in the species would be 
doubled at every mating. This process is 
common to all animals, man included. The 
human ovum and spermatozoon each con- 
tain twenty-four chromosomes and the 
fertilized ovum contains the characteristic 
forty-eight (twenty-four pairs). 

Transmission of Genes 

When students of heredity came to 
consider Mendel’s work in the light of all 
this information about the chromosomes 
they were struck at once by the corres- 
pondence between the two. They had only 
to suppose that the genes were carried by 
the chromosomes to understand the prin- 
ciple lying behind Mendel’s ratio. Let us 
see how this can be worked out (Fig. 9). 
Suppose that in the case of the black 
and white Andalusian fowls the genes for 
blackness are carried in a pair of chromo- 
somes BB in the parent fowl; when that 
fowl is forming reproductive cells, one 
chromosome of each pair will pass into 
each new cell. Assume that this is the cock 
bird, and that each spermatozoon contains 
chromosomes WW which are responsible 
for whiteness, and that each of her eggs 
will contain one chromosome W. Now if 
an egg containing W is fertilized by a 
spermatozoon containing B the resulting 
cell will contain a pair of chromosomes 
one of which is a B chromosome from the 
father and the other a W chromosome 
from the mother. Thus the fowls of the 
first generation will all carry B and W 
chromosomes and as we know already 
they will be grey. 

Now look what happens when these 
fowls come to form their reproductive 
cells. At reduction division one of the new 
cells will get a B and the other a W 
chromosome. Suppose we now mate fowls 
of this generation together; when a B 
spermatozoon fertilizes a B egg we shall 
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get a BB individual, which will be black. 
Similarly when a W spermatozoon ferti- 
lizes a W egg the individual will be WW 
(white). When a W spermatozoon ferti- 
lizes a B egg a BW individual is produced, 
which is grey. By the laws of chance there 
will be twice as many BW matings as there 
will be either black or white. 

The facts are just as reliable if we con- 
sider a case in which one gene is dominant 



Fig. 9. The diagram illustrates the process 
of reduction division in the case of black and 
white fowls , and shows how the genes which 
are responsible for blackness and whiteness 
are transmitted from generation to generation. 

to another. Take the case of brown and 
blue eyes, representing the genes for 
brown eyes (the dominant) by BB and the 
genes for blue eyes (the recessive) by bb. 
In the parents we have BB (the father) 
and bb (the mother). By the reduction 
division we get spermatozoa containing 
B and ova containing b. In the first 
generation we get Bb. In the second 
generation we get BB, Bb, Bb, bb. Now 
owing to the fact that brown eyes are 
dominant to blue eyes all the offspring in 
the first generation who carry a B will 
have brown eyes. In the second generation 
the same rule holds and as three out of 
four carry a B, three out of four will have 
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brown eyes. Only those children who 
carry bb will have blue eyes. 

After considering these facts students 
of heredity were able to say confidently 
that the genes are resident in, or borne 
upon, the chromosomes. Moreover, by a 
close study of drosophila they have been 
able to show that each chromosome carries 
a given group of genes and that each gene 
has its own place upon its own particular 
chromosome. From this it follows that 
genes carried in the same chromosome will 
be transmitted together as a linked group; 
and observations prove this to be true. In 
drosophila it has even been possible to 
make a map of the chromosomes showing 
how the genes carrying various character- 
istics are strung along the chromosome in 
definite positions like beads. 

Sex Determination 

Drosophila has also helped us to under- 
stand how sex is determined. In the female 
the members of the four pairs of chromo- 
somes are identical, but in the male one 
member of one of the pairs is unlike its 
partner. Since the sexes differ in relation 
to these two pairs of chromosomes the 
latter are called the sex chromosomes. The 
three chromosomes which are alike— two 
in the female, one in the male— are called 
the X chromosomes. The odd chromo- 
some found only in the male is called the 
Y chromosome. Since only one member of 
each pair of chromosomes is found in each 
reproductive cell all the eggs will be alike, 
each containing one X chromosome. The 
spermatozoa, however, will be different, 
half of them containing X chromosomes 
and half of them having one Y chromo- 
some apiece. 

Now if an (X-bearing) egg is fertilized 
by a Y-bearing spermatozoon an XY 
embryo will result, giving a male indi- 
vidual. If an (X-bearing) egg is fertilized 
by an X-bearing spermatozoon an XX 
(female) individual will result. Thus the 
chances of producing a male or a female 
drosophila are equal. 


Exactly the same system is followed by 
other animals. In man it is the male who 
carries the Y chromosome just as it is in 
drosophila, but in some animals and in 
birds the female carries Y. The sex 
chromosomes may carry other genes — in 
fact they generally do — and so certain 
characteristics may be sex-linked, that is, 
they can appear only in males or only in 
females. A characteristic which is carried 
by the Y chromosome, for example, can 
appear only in a male. 

Mutations 

We can now study the problem of 
variation in the light which recent work 
has shed upon the genes. In the first place, 
the genes are not immutable; they can vary 
in themselves; and we can now say fairly 
confidently that a heritable variation is 
due to a change (mutation) in a gene. 

Such mutations are exceedingly rare; 
they occur only about once in 50,000 to 
100,000 individuals. We do not know 
what causes a gene to mutate or what the 
nature of the change is, except that we 
suspect it is chemical. Moreover, the 
mutations which occur in the laboratory 
are nearly always unfavourable to the 
animal and therefore tend to be bred out 
in course of time. It is logical to suppose 
that favourable mutations are even rarer, 
but that when they occur they are bred 
into the stock and become incorporated 
in it. Here we can see the principle of 
natural selection at work; the successful 
mutation is the one which environmental 
conditions favour. 

It may be useful at this point to sum- 
marize the facts so far studied. Inherited 
characteristics depend on pairs of genes, 
and these are carried in paired chromo- 
somes, one of which is derived from each 
parent; the chromosomes separate out 
again in the reproductive cells. 

The characteristics carried by a pair of 
genes may be alike or contrasted. When 
two individuals with contrasted character- 
istics are crossed it is then the original 
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characteristics separate out in definite 
proportions in the grandchildren. 

The number of chromosomes in a given 
species is constant, and each carries a 
great many genes. If two genes are carried 
on the same chromosome they are said to 
be linked, and the characteristics to which 
they give rise will be transmitted together. 

Sex depends on a particular pair of 
chromosomes, represented in the female 
by the symbol XX and in the male by XY. 
The presence of the Y chromosome deter- 
mines maleness in humans. Other genes 
are carried in the sex chromosomes and 
hence arc linked with sex. 

Genes arc arranged in a definite order 
along the chromosomes like beads on a 
string, and the position of the various 
genes in drosophila mclanogastcr have 
been mapped out. 

Heritable variations depend on muta- 
tion (change) in a gene. The change is 
probably chemical in nature. Mutations, 
although they occur exceedingly rarely, 
are probably responsible for nearly all 
heritable variation and so for all evolution- 
ary change. 

At the same time certain hereditary 
anatomical freakishnesses seem to be due 
to the absence in an individual of some 
regulating factor which, in the course of 
embryonic growth, determines further 
development of this or that particular 
feature; with the result that the feature 
stops at an immature stage of its embryo- 
nic progress. Hare-lip affords a striking 
example of this embryonic developmental 
arrest (Fig. io). 

Environment 

Let us now consider exactly what we 
mean by environment. Each animal has 
an optimum environment: that is to say, 
ar, environment in which it feels at its 
best and is able to behave most capably. 
Natural selection tends to breed animals 
which are more and more suited to their 
particular environment; the process is very 
successful so long as the environment 
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remains unchanged. When the environ- 
ment changes the animal may find itself 
handicapped, and if the handicap is severe 
it may even die out. 

The environment of an animal is both 
internal and external. The external en- 
vironment includes all the surrounding 
conditions; the internal environment is 
dictated by the particular gene pattern 



lip, arc due to the absence in an individual oj 
some regulating factor during embryonic 
growth , resulting in arrested development . 

which it has inherited. A moment’s 
thought will show that this pattern is 
different in every animal; it is made up 
of chromosomes derived from the father 
and mother and through them of chromo- 
somes derived from the four grandparents, 
the eight great-grandparents and so on. 

Now suppose a gene carrying a rela- 
tively unfavourable characteristic is trans- 
mitted through several generations, it will 
find itself in a fresh gene pattern in every 
animal which inherits it, and it may be 
that it fits into one of these patterns so 
well that, instead of being unfavourable 
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Fig. ii. The illustration shows a number of cases of mimicry in nature, i, Hornet mimicked 
by 2, moth ; 3, ladybird mimicked by 4 , spider ; 5, coushie , or leaf-carrying anti mimicked 
by 6, membracid. Over a very long period of time and as the result of tiny mutations i some 
insectSi which are liable to attack by birds on account of their palatabilityi have succeeded in 
modelling themselves very closely on less palatable insects, so protecting themselves from 
attack. In this process, the genes which have made possible this successful mimicry have 
enabled the imitators to cope more efficiently with their environment. 
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in its effects, it turns out* to be quite 
useful to the animal after all. It may even 
be selected as part of a particular gene 
complex and embodied as a characteristic 
of the species. In this way a change in the 
internal environment can alter the effect 
of a gene. It should be noted that this is 
different from a mutation: the gene itself 
has not changed, only the situation in 
which it finds itself. 

It is easier still to see how a change in 
the external environment may alter the 
effects of a gene. Consider the case of one 
of those insects which mimic the appear- 
ance of another species. As a rule birds 
find the insect which provides the model 
unpleasant to cat whereas the imitator is 
highly palatable. Over a long period of 
time, and as a result of tiny mutations, the 
palatable insects have slowly evolved a 
resemblance to the unpalatable ones. 
Those which looked a little like the 
unpleasant species survived better than 
those which did not, and propagated 
further generations which, by the same 
gradual process, came to resemble the 
model even more closely. Finally the like- 
ness became so close that birds would 


hardly look twice at the imitators (Fig. 1 1 j 

Now Suppose that the successful imita- 
tors have become so free from attack that 
they multiply rapidly and greatly out- 
number the models. Birds are no fools, 
they quickly discover that most of these 
insects are pleasant to eat after all, and the 
nasty ones comparatively rare. They take 
a chance, and start snapping up all that 
come their way. 

What is the position of the unfortunate 
imitators now? Those which look most 
like the model are quickly devoured: the 
very genes which made for their safety 
now make for their destruction. Thus a 
change in the external environment has 
altered the favourable effect of a gene to 
an unfavourable one. - 

The genes and the environment, both 
internal and external, react together to 
produce the characteristics of the indi- 
vidual. We can form no first-hand idea of 
the effect of any single gene; all we can 
say is that a given gene will evoke certain 
characteristics in the presence of a parti- 
cular external environment and in the 
presence of the particular gene patte r n 
which the animal has inherited. 



Fig. 13. 1, Spiny ant-eater , an egg-laying mammal found in Australia; 2, spiny ant-eater 
curled up. Many odd species of animals , which have died out in other parts of the world , 
have survived in Australia , which became an isolated continent at a very early period 




Fig. 14. Duck-billed platypus, another egg-laying mammal, or monotreme, which has 
survived in Australia alone. The monotremes are the most primitive surZng maLall. 


Sometimes the results of evolution seem 
rather staggering. Is it possible, we ask 
ourselves, that it really has been to the 
advantage of an animal to look like the 
mandrill or to have a neck like an ostrich 
or to carry an unwieldy quantity of horn 
upon its head like a reindeer ? (Fig. 12). 
The answer is that an animal sometimes 
has to pay a price for survival, and the 
explanation is to be found in the fact that 
a single gene does not necessarily carry a 
single characteristic, but may be respon- 
sible for several characteristics, some of 
which may be unnecessary and even 
hampering, but at least one of which is 
vital if the gene has become permanently 
incorporated in the species. An unfavour- 
able, or merely silly, characteristic may be 
perpetuated simply because it is carried in 
the same gene as a favourable one; this 
probably accounts for the film-star quill 
eyelashes of the hombill. 

We have seen that the evolution of any 
single species can be explained in terms 
of Mendelian inheritance; can the same 
process account for the divergence which 
has led to the appearance of thousands of 
different species of animals living today ? 
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A powerful factor in the origin of new 
species is isolation. When animals are cut 
off from their fellows by a geographical 
barrier the two groups have to adapt 
themselves to differing environments, and 
their evolution is bound to differ accord- 
ingly. A characteristic tending to make 
one colony better adapted to its environ- 
ment will spread very quickly; the same 
characteristic may hold no advantage for 
the other colony, and so the two stocks, 
though identical to start with, will become 
partially or totally unlike one another. 

Australian animals are full of surprises. 
Many strange creatures have survived 
there which have gone down in the 
struggle for existence in other parts of the 
world. Australia harbours to this day two 
egg-laying mammals — the spiny anteater 
(Fig. 13) and the duckbilled platypus (Fig. 
14)- Isolation can be responsible for main- 
taining an old species as well as encourag- 
ing the formation of new ones. 

No discussion of heredity would be 
complete without some reference to the 
vexed question of the inheritance or other- 
wise of acquired characteristics. In its 
crudest form this question is raised in 
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such queries as: because his mother was 
frightened by an air raid will the baby 
have a birthmark like a bomb? Or, if 
breeders go on docking puppy-dogs ’ tails 
will they at last be able to breed dogs 
ready docked? The answer to such 
inquiries is quite definite: evolution does 
not work that way. You can spend your 
life docking puppy dogs but you will never 
be able to breed a single Manx dog on 
that system. But this does not by any 
means dispose of the problem of the 
inheritance of acquired characteristics. 
We can say confidently that mutilations 
will not be inherited; the genes respon- 
sible for the development of a dog’s tail 
are not going to be affected by an accident 
happening to the tail long after their work 


is done. We can affirm equally that no 
fright experienced in an air raid by an 
expectant mother will cause birthmarks. 
We can also feel fairly certain that the 
giraffe (Fig. 15) did not develop a long 
neck by reaching up for leaves above his 
head and passing on the effects of his 
diligence to his little ones: on the contrary, 
it was because the giraffe which happened 
to have a longer neck than his fellows got 
more food than the others, lived longer 
and produced more offspring, who in turn 
passed on the advantage to their offspring, 
that the neck grew longer and longer. The 
better equipped were selected by nature 
in the usual way, tiny gene mutations 
gradually accumulating and achieving the 
final highly successful result. 



Fig. 15. The giraffe developed his long neck not by stretching it to reach for leaves and 
passing on the effects to his offspring , but because the giraffes who had short necks and were 
unable to reach the leaves died off, while those who had longer necks survived and passed 
on to their offspring the gene responsible for this characteristic. 



HEREDITY AND ENVIRONMENT 


We cannot say, however, that because 
no method of transmitting an acquired 
characteristic has so far been discovered 
that such a mechanism could not exist; 
we can only go on piling up evidence until 
we reach a point at which we feel con- 
vinced we can offer a fairly definite con- 
clusion. So far all we dare say is that no 
perfectly dear and unquestionable evi- 
dence of the inheritance of an acquired 
characteristic has been produced. This 
seems to indicate that if acquired charac- 
teristics are transmitted at all, it must be 
very rarely, and can have no influence on 
the normal evolution of a species. 

No one any longer doubts the part 
which inheritance plays in the determina- 
tion of the characteristics of every living 
organism. But there is still a tendency to 
overlook the fact that although the prin- 
cipal physical elements and the uncon- 
scious nervous and instinctive psychic 
reactivities of man are thus transmitted 
by means of the germ plasm, nearly every- 
thing that makes man peculiar among 
animals is developed after birth, and is 
dependent on the whole complex of his 
social and environmental influences. 

The Social Heritage 

That, even in the most general sense, 
individuals inherently vary in their capa- 
city to learn, is true: but neither Newton 
nor Einstein, had either been bom in the 
Stone Age, would have known — though 
he might have devised — even the multi- 
plication table or the second proposition 
of Euclid. How enormous is our present- 
day social heritage, and how very large a 
part the momentum of this heritage plays 
in each further invention, discovery or 
advance, is apt to be overlooked by those 
unduly impressed by the relatively slight 
unusualness of the individuals who take 
precedence in the human procession. 

Bound up with the general vague ideas 
about eugenics is the notion that a man’s 
or a woman’s character was inherent in 
the germ plasm from which they severally 
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sprang. We say of a boy that he inherits 
his father’s bad temper, or of a girl that 
she was bom with her mother’s querulous- 
ness. Are we sure of our facts ? Had these 
children been removed at birth from their 
parents’ influence, and been exposed to a 
domestic atmosphere characterized by 
generosity, affection and intelligence, is it 
not quite likely that their environment 
would have proved more potent than their 
inborn tendencies ? The few experiments 
which have been carried out seem to 
suggest that such is the case. 

Environment and Character 

Many parents who do, to some extent, 
realize that procreation does not mark the 
end of their duties, and that they have a 
responsibility in this matter of character 
building, have very uninformed and very 
unsound notions as to the sort of training 
that is helpful. It is impossible to make a 
child generous, for instance, by forcibly 
compelling him, against his screaming 
will, to give half his bar of chocolate to the 
little boy next door: but rather by showing 
full appreciation of every spontaneous 
impulse of helpfulness, and by oneself 
exhibiting that generosity of soul which is 
as infectious as smallpox. Discipline and 
obedience, again, are among the most 
misunderstood of virtues. Any sort of 
order given by a parent to a child, how- 
ever young, should be a reasonable and 
defensible one. In small matters, orders 
are best reduced to a minimum: in bigger 
matters, they should have for their aim 
either the well-being of the individual to 
whom they are given or that of the group 
of which he is a part. A child should not 
grow up with the notion that obedience 
and discipline are things to which a weak 
person has to submit for fear of punish- 
ment from a stronger person whose 
authority consists entirely in his superior 
strength. Reasonable self-confidence, self- 
respect, and self-assurance are essential 
ingredients of the soil in which ideals of 
fine individual character may be sown. 



Fig. i. The gorilla and man are both very highly developed manifestations of life; they stand 
at the end of a very long process of evolution , which has taken many millions of years. In 
comparison with the age of the earth , and the length of time during which life of one sort or 
another has manifested itself , both man and the ape are recent phenomena. Many types of 
animals flourished and became extinct before the primates appeared. The complex physical 
and mental life of the primates is the result of innumerable evolutionary experiments 
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Meng, the gorilla at the Zoo, was one 
day seen tracing his shadow on the wall. 
Was this pure accident? Or was Meng 
showing artistic ability, and thus one 
more characteristic in common with 
man ? Was the desire for art born in the 
ape mind, to come to the full flower of its 
development in the human ? 

Man and the Earth 

Meng and man (Fig. i) are compara- 
tively recent manifestations of the mys- 
terious phenomenon we call life. We have 
inherited the fruits of the earth, but the 
fruits were there many millions of years 
before we were there to enjoy them. 

Every man in his heart of hearts 
believes in the ancient doctrine and the 
modern heresy — that the earth is the 
centre of the universe; and we all behave 
as if it were true. Yet once upon a time, so 
the scientists tell us, there was no earth. 
Ages ago — it may be as recently as 1,500 
million years ago, or as long ago as 3,000 
million years — the earth was just part of a 
wandering mass of gas, of what the as- 
tronomers call an island universe. There 
are millions of these gas masses. In the 
midst of this gas were the beginnings of 
you and me. That is a thought which may 
help to restore our self respect, because 
it makes us realize that it has taken mil- 
lions upon millions of years to produce us. 

Our island universe began by condens- 


ing itself into a number of more solid 
clots. These clots we call stars; our uni- 
verse contains millions of them. One of 
them, the sun round which the earth now 
revolves, got in the way of another, with 
the result that a part split off from it and 
broke into fragments. One of these frag- 
ments is now the earth. In the book called 
The Science of Life , which H. G. Wells 
wrote with his son and Dr. Julian 
Huxley, our geographical status is thus 
summarized: “Man is an inhabitant of a 
thin rind on a negligible detached blob of 
matter belonging to one among millions 
of stars in one among millions of island 
universes.” 

Beginnings of Life 

After the earth had discarded a piece of 
itself as the moon, it began to settle down 
as a fairly stable planet. The hot, moist, 
steamy blanket round it condensed, 
evaporated and re-condensed on the pro- 
gressively cooling crust. Seas and oceans 
filled the hollow places. The blanket of 
cloud grew thinner and thinner until it 
was little more than a veil. Then the rays 
of sun broke through and the scene was 
set for the beginnings of life. 

Most scientists now believe that all 
animals and plants are related, and that 
they are all the variously developed and 
modified descendants of some one primi- 
tive form of living organism, not unlike 
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the simplest microscopic forms of life 
now existing on the earth. 

Belief in such an evolutionary history 
has been characterized as an act of faith. 
Here evolution will be regarded as an 
established theory. The facts which will 
be narrated are, in any case, interesting 
and significant. 

Material Manifestations 

It seems clear that on this earth there 
was at first no life. When the waters settled 
on the cooling earth and dissolved the 
substances of the rocks, making a rather 
hot salty soup, and when the sun’s rays 
played upon this mixture, something hap- 
pened. Quite what, no one knows. Just 
how, no one knows. But the miracle of 
life had been achieved. 

We must content ourselves with the 
mere chemistry and physics of the matter. 
These sciences cannot tell us what life is; 
they can only tell us of some of its usual 
manifestations. Chemistry tells us that 
the material embodiments of life are built 
up from elements, in units of matter once 
thought to be fundamental and indi- 
visible, the atoms; and that among the 
important elements are carbon, hydrogen, 
oxygen, nitrogen, phosphorus and sul- 
phur. Out of these were formed sub- 
stances that are the groundwork of ±e 
living organism — protein, carbohydrate, 
fat. If it be possible to say that one of 
these is more important than another, 
we may say this of protein. Protein is the 
lean of meat, the stuff which forms our 
muscles. It seems to be of supreme im- 
portance to every living organism. 

Viruses 

The most elemental form of life with 
which we are acquainted is what we call 
an ultramicroscopic or filter passing 
virus. This is so small that it passes 
through the finest earthenware filters, and 
is invisible under the ordinary micro- 
scope. Viruses are responsible for many 
infectious diseases; they are the infecting 


agents in such conditions as the common 
cold, measles, infentile paralysis and in- 
fluenza. They vary in size, but all are 
smaller than the smallest bacteria. Quite 
recently it has been discovered that some 
viruses exist in crystalline form, and the 
crystals have been found to consist 
mainly of protein. These crystals are able 
to grow and reproduce themselves, to 
turn out more crystals like themselves. 
They can be dissolved and re-crystallized; 
even so, they still continue to go on 
growing and reproducing. 

Living Substance 

Some scientists doubt whether the 
viruses ought rightfully to be included 
among living objects; others are strongly 
of the opinion that they should. 

These minute forms are, they say, ani- 
mated crystals of protein. The word 
animated introduces the difficulty. 
What do we mean by it ? Is it not suffi- 
cient to say simply “crystals of protein” ?. 
The use of the additional qualification 
really begs the question. It takes some- 
thing for granted which ought not to be 
taken for granted— that we really know 
what life is. As yet, we do not; or at least 
we cannot draw the line between living 
and non-living substance. 

Similar to viruses are apparent forms of 
life that prey on bacteria and destroy 
them. These are known as bacterio- 
phages, and the same doubt exists about 
their nature — whether they have life or 
are just chemical substances which take 
part in chemical reactions without alter- 
ing their own structure. But the bacteria 
on which they prey are alive. Every one is 
agreed about that. They are certainly 
very much alive. 

What does “being alive” mean? It is 
evident from the virus controversy that it 
is rather difficult to say exactly what it 
does mean. Spontaneous movement is one 
attribute of a living thing. Another — and 
this is important — is its ability to take in, 
to assimilate, matter and to change it 




BACTERIA UNDER THE MICROSCOPE 

Bacteria, which exist in millions in the human body, are one of the most primitive of life-forms. 
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chemically. Coincident with this build- 
ing up process is a breaking down pro- 
cess. In the latter energy is liberated, ap- 
pearing as movement or heat. This whole 
process — building up (or anabolism) and 
breaking down (or katabolism) — consti- 
tutes what is known as metabolism. 

Metabolism 

Metabolism is characteristic of* life. In 
shuffling the chemical cards during the 
process of assimilation, the living organ- 
ism builds them up into different re- 
groupings. It arranges them in a different 
order; and, in so doing, grows and moves. 
In addition, the living organism has the 
ability to separate off a part of itself which 
will by similar chemical processes de- 
velop into a like living organism. The 
living organism initiates and controls 
chemical and physical processes, and it 
hands the secret on to its successors. This 
breaking down and building up of chemi- 
cal substances in metabolism is carried 
out by ferments, or enzymes, as they are 
called; and in this activity oxygen is im- 
portant. Oxygen is the essential element 
in the continuous combustion process 
which liberates energy. 

Bacteria 

Bacteria fulfil all these requirements of 
life. They move; they reproduce them- 
selves; they break down chemical sub- 
stances, build them up into their own 
structure, and break them down again. 
They take up oxygen from their sur- 
roundings for use in combustion, and 
they give out carbon dioxide. Most bac- 
teria are exceedingly small; the average 
thickness of a bacterium is one twenty- 
five-thousandth of an inch. They repro- 
duce by dividing into two; and they can, 
do this at an enormous rate. Some kinds 
cause a lot of pain and suffering in the 
world, others do much good. Some kinds 
capture the nitrogen in the air and con- 
vert it into substances of great value for 
the soil and the plants that grow in it. 


Others break up dead matter so that it can 
be used again by living matter. They are, 
in fact, the great scavengers of the world. 

Some bacteria are spherical and are 
known as cocci; others are rod-shaped 
and known as bacilli (Fig. 2). Their 
activity is colossal, and the chemical 
changes they set in motion are of great 
complexity. These changes are carried 
out by means of the enzymes or ferments 
which the bacteria produce. 

Animal and Vegetable 

The name given to actual living sub- 
stance is protoplasm. Its essential con- 
stituents are water and protein. We do 
not know whether to call these bacterial 
blobs of protoplasm animals or veget- 
ables. On the whole, the balance is in 
favour of calling them vegetables; any- 
how, they are units of life, near the begin- 
ning of things. From some such simple 
units of life as these science presumes that 
the animals branched off in one direction 
and the plants in another. The feature 
that is commonly said to distinguish 
plants from animals is the green pigment 
chlorophyll, which nearly all plants con- 
tain. Upon this depend fundamental dif- 
ferences in nutrition; the differences be- 
tween animals and plants, in fact, come 
down to a difference in diet. 

Chlorophyll is the substance that 
makes the grass green. With its aid the 
plant is able to manufacture foodstuff for 
itself out of the carbon dioxide in the air 
and the mineral ingredients taken in at 
its roots The two processes are collec- 
tively called photosynthesis. In these 
chemical processes, the ultra-violet rays 
of the sun play an important part. With 
the help of sunlight, chlorophyll con- 
verts carbon dioxide and water into 
sugar, and, in doing this, plants give out 
oxyger. Animals, including man, take up 
oxygen and give out carbon dioxide; this 
interchange is of the essence of our 
breathing. Plants breathe in oxygen, but 
during daylight their oxygen absorption 




Fig. 2. Bacteria associated with various diseases, highly magnified. Among the most elementary 
/,° extstenc, ™ h,ch can definitely said to be alive are bacteria; they are able to move 
and to reproduce themselves, and to carry through metabolistic processes. Their average thick- 

ZirjT enty ~ fi V h0U Tf th ° fan inch ' Thetr effect m the human W * to produce 
many of the most widespread diseases, i. Streptococci and staphylococci; 2, cholera; 3, diph- 
theria; 4 , typhoid; 5 , bacillus colt; 6, anthrax; 7, tubercle; 8, pneumonia; 9 , tetanT 
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Fig. 3. Seedlings of plants (A) Maize, (b) 
Mustard, (c) Magnified section showing 
root-hairs forming from surface cells. The 
roots suck up water and mineral salts. 


is concealed by the process of photo- 
synthesis— the absorption of carbon di- 
oxide and the retention of the carbon 
with other ingredients which are absorbed 
by the roots. 

The roots of the plant (Fig. 3) suck up 
water and mineral salts from the earth. 
From the phosphorus, nitrogen and other 
elements drawn from the solution protein 
is formed. Characteristically, though 
there are exceptions, the plant takes 
simple substances from its surroundings 
—water, carbon dioxide, minerals — and 
builds them up into complex substances. 
Chlorophyll is a complex of carbon, hydro- 
gen, oxygen, nitrogen and magnesium. 
The animal, on the other hand, takes in 
the ready-made complex substances sup- 
plied by the plant world, and breaks 
them down into the elements of which 
they are made up. 

The green plant appeared quite early in 
the history of the earth. Its appearance 
before that of the animal kingdom was 
essential. It not only built up the mate- 
rials of life, as we know them, from 



Fig. 4. Flagellate 4, one of the simplest forms of animal life. The name is given because of their 
possession of “flagella” or whips } which they use to enable them to move . (A) Single-celled 
primitive animal “euglena viridis” J, Pigment spot ; 2, food receptacle {vacuole); 3 , cell- 
nucleus; 4y flagellum, (b) Trypanosome , the organism which is responsible for sleeping-sickness. 
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Fig. 5. Types of foraminifera. These are single-celled organisms which form round themselves 
shells of calcium carbonate of a very great variety of shapes and complexity. Their shells 
form a considerable proportion of the covering of the ocean floor , and chalk rocks were formed 
m past geological epochs almost entirely of the shells of dead foraminifera. 


simple inorganic substances; it also re- 
plenished the air with oxygen, without 
which no living thing can maintain 
existence. The animal gets its energy and 
its heat from the combustion of protein, 
fat and carbohydrate; and this com- 
bustion is dependent upon oxygen. The 
plant also, once it has elaborated its pro- 
toplasm, breaks it down by oxidation. 
But it moves to a slower tempo and it 
gives out more oxygen than it takes in. 
THe plant world acts as a direct store- 
house of the energy of the sun. 

Flagellates 

Bacteria, as we have said, are commonly 
looked upon as belonging to the plant 
world, although they possess no chloro- 
phyll. On the other hand certain minute, 
actively moving organisms, known as the 
flagellates (Fig. 4) which possess chloro- 
phyll are classed as animals. They cer- 
tainly have what may be described as 
mouths, by which they take in solid 
food (of course, in microscopic particles), 


but they also, by means of their chloro- 
phyll, take in carbon from the air. Both 
these groups are hard to classify. One can 
call them animal plants, or plant animals 
indifferently. 

One of the simplest of unquestionable 
plant forms is found among the algae, of 
which the fine green covering on the 
damp and shady side of trees and fences 
is one example, and the green slimy 
masses on ponds another. There is a 
great variety of these primitive plants to 
be found living in water or damp places; 
from the small one-celled plants up to 
the seaweeds, from which higher land 
plants have evolved. The algae differ, 
among other respects, from the higher 
land plants in having no division into 
root, stem, leaf and flower; but they all 
contain chlorophyll. 

Early animals and early plants, then, 
were single-celled organisms so much 
like each other in many ways as to be al- 
most indistinguishable. Thus they are of 
great interest to all students of biology, 
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for they were the beginnings of life. 
After hundreds of millions of years their 
direct descendants exist in hardly modi- 
fied form; but also, by the long, tedious 
method of trial and error, all other forms 
of life have evolved from them. 

The theory of evolution does not ad- 
mit that man was specially created. Aeons 
ago a fermentation of water, sunlight and 
chemical substances bnught life to the 
newly formed planet, ear, h, in the form of 
the living cell. To that original cell all 
subsequent cells, and all forms of life, in- 
cluding man, owe their being. 

The one-celled organism is far from 
being so simple as one might imagine. It 
assumes a bewildering variety of shapes. 
There is, for example, the subdivision of 
one-celled organisms known as fora- 
minifera (Fig. 5). These form round 
themselves shells of calcium carbonate 
beautiful in shape, variety and com- 
plexity. Most varieties inhabit the depths 
of the sea or the shore, but freshwater 


specimens are to be found in the layer of 
organic debris at the bottom of ditches 
and ponds. Some idea of their ubiquity 
and profusion is gained when it is realized 
that the chalk cliffs of Dover are composed 
of the shells of foraminifera which died 
ages ago. If you look at some chalk under 
the microscope you will see their shells. 
They illustrate one way in which Nature 
maintains a balance between living and 
non-living substances. The waters dis- 
solve carbonate of lime from the surface 
of the earth. Foraminifera, in their de- 
velopment, take the carbonate of lime out 
of the solution, use it to create their 
shell homes, which, when they die, are 
returned again to the crust of the earth. 
So the wheel of life turns, taking up from 
the earth and giving back to it. 

Some foraminifera float near the surface 
of the seas they live in. They do this in 
company with a vast number of minute 
animals and plants. The chlorophyll- 
containing algae (Fig. 6) are there in 
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abundance. This huge floating popula- 
tion of the seas is collectively known as 
plankton. Being relatively passive and 
helpless the little plant and animal forms 
which constitute it drift along the watery 
highways made by the great ocean cur- 
rents, furnishing an ever-replenished 
source of nourishment for the fish that 
live in the sea. The action of sunlight on 
chlorophyll enables the plankton to build 
up complex organic material, which is 
passed on up the scale of life. The 
smaller fish which devour the plankton 
are themselves devoured by larger fish, 
which in turn fall a prey to still larger 
ones, or to man. 

Fungi 

While in general the possession of 
chlorophyll is a distinguishing feature of 
the plant, there are certain lowly organized 
living things which, perhaps irrationally, 
are looked upon as plants though they 
have no chlorophyll. These are the 
moulds, toadstools, and yeasts collec- 
tively known as fungi. They live on 
organic matter, alive or dead. Moulds 
exude a digestive juice on to their food 
and absorb the result. They prefer to 
feed on decaying organic matter, a 
method of existence known as sapro- 
phytism. (Living on live things is called 
parasitism.) A mould grows out in 
threads which branch. Yeasts (Fig. 7) are 
one-celled moulds. In the absence of 
oxygen a yeast cell will get its energy by 
turning sugar into alcohol and carbon 
dioxide, a process which is essential to 
the production of bread and beer. 

For an understanding of evolution and 
of the basis of life we must have some 
knowledge of this world of one-celled 
animals and plants, which is visible to a 
large extent only under the microscope. 
One-celled animals, such as the fora- 
minifera, belong to the protozoa or 
first animals. The simplest protozoon 
is, perhaps, the amoeba (Fig. 8) ; from it 
much can be learnt about uni-cellular life. 
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Fig. 7. Illustrating the multiplication oj 
yeast-cells. Yeasts are a group of plants 
without chlorophyll ; they possess the quality 
of turning sugar into alcohol and carbon- 
dioxide. They are single-celled , and they 
reproduce by an infinite budding process. 

The amoeba is found at the bottom of 
ponds and ditches. It is very minute, 
about one-hundredth of an inch long, and 
consists of a naked lump, jelly-like in con- 
sistence. It is called a one-celled animal, 
but the word cell is perhaps misleading in 
ihat it implies something set and un- 
yielding. The cell of the higher plants, 
with its tough wall of cellulose, does cor- 
respond to this idea, but the animal cell 
must not be thought of as being anything 
like so rigid. The amoeba is a minute 
blob of protoplasm presenting a surface 
to the world. But it is going too far to call 
this surface a wall, though under the 
microscope the amoeba is seen to have a 
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clear outer layer which is more solid than 
its inner granular layer. 

This jelly-like unit of life, this drop of 
protoplasm, is on the move the whole 
time. It is always changing shape and 
going first in one direction and then in 
another. It moves, too, by changing 
shape. It can do this by virtue of the 
power of protoplasm .to contract. It is 
this same power which makes it possible 
for us to move and have our being. The 
amoeba thrusts out projections of its sub- 
stance, called pseudopodia, or false legs, 
producing these only when it needs them. 
Then it moves in the direction of its 
pseudopodia by, so to speak, flowing into 
them. The white cells in our blood move 
in much the same sort of way. 

On looking more closely, one can dis- 
tinguish in the amceba a smaller, denser, 
rounded mass. This is the nucleus, the 
most important constituent of the cell, 
which controls the activities of the 
greyish, slimy, semi-liquid, semi-trans- 



Fig. 8 . Amoeba, one of the simplest 
protozoa, (a) Amoeba absorbing food. It 
does this by projecting itself around the 
food and embracing it. (b) Construction of 
amceba: i, Nucleus; 2, outer layer of clear 
protoplasm; 3, layer of granular proto- 
plasm; 4, breathing and excretory orifice. 


parent protoplasm. It is termed of 
granules of chromatin, so called because 
they readily take up certain dyes, and 
when thtis stained render the nucleus 
easily visible under the microscope. The 
nucleus is necessary for the life of the 
cell; for without it new protoplasm cannot 
be built up. It is the transmitter of 
heredity. Each of the white blood cells of 
the human body has a nucleus. 

Metabolism of the Amoeba 

The amoeba feeds in the simplest way 
by embracing its food and taking it into 
itself. It takes in and digests organic 
matter, for it is a genuine animal, and by 
breaking down the foodstuffs it has taken 
in, it creates the energy necessary to carry 
on its activities. To carry out this process 
(metabolism), and in its movements, the 
amoeba needs oxygen for combustion 
purposes. This it obtains from the 
water in which it lives. It gives out car- 
bon dioxide and also water; in fact, like 
ourselves, it is dependent for life on eat- 
ing and breathing. 

Enough has been said to show that life 
for this little lump of jelly is quite a com- 
plicated process. It does the same sort of 
things that we do, though on a much re- 
duced scale. There is still one essential 
function that has not been mentioned, 
that of reproduction. How does this 
happen ? 

The amoeba is, as we have seen, in 
very close contact with its environment. 
Whatever it does it does in a full-bodied 
fashion. It throws itself completely into 
every activity, whether it be moving over 
the bottom of a pond, closing in on a 
piece of organic matter, or just breathing. 
At the same time one might accuse it of 
living rather a superficial kind of life, for 
the surface it presents to the world is all- 
important. If the amceba becomes too 
bulky there will be something of a strain 
on this surface. The simplest thing to do 
in the circumstances would be to split 
into two, and this is precisely what the 



CELL DIVISION AND UNION 


$11 





Fig. 9. Stages in the reproductive process of the amoeba. The nucleus divides into two halves. 
Equal amounts of protoplasm then close round the two halves of nuclei. Finally, the bridge 
between the two halves breaks and two separate individuals appear , each of which possesses 
exactly the same structure as the parent cell. This process is an infinite one. 


amoeba does. The nucleus divides first, 
separating into two halves. A constric- 
tion then appears in the protoplasm, 
equal amounts of which close round the 
two halves of nuclei. The protoplasmic 
bridge between the two is finally broken, 
and the two halves part, to grow and lead 
independent existences (Fig. 9). 

Reproduction by Splitting 

The amoeba does not delegate this 
business of reproduction to any one part 
of itself. It does not hand on a piece of 
itself to posterity and then die. It literally 
hands on itself. It becomes, so to speak, 
father and mother to itself. It just goes on 
and on, dividing and dividing. The amoe- 
ba, short of catastrophic annihilation, is 
immortal. This method of reproduction 
by splitting or fission is called asexual. 

In hard times the amoeba can im- 
mobilize itself in a cyst, becoming small- 
er, rounder and harder. Meanwhile the 
nucleus divides and re-divides. The 
amoeba may remain in such a state for a 
very long time, and then, in suitable con- 
ditions, take on a new lease of life. It can 
also unite with another amoeba, and this 
it does in as whole-hearted a fashion as it 
does everything else. Two amoebae come 
into contact with each other, and iust 
flow into each other and become literally 
and truly one. 


It is thought that this fusion of two 
beings into one is a way of avoiding 
senility, that the fusion is a process of re- 
juvenation. There is no apparent dis- 
tinction between male and female, be- 
tween active and passive. If we chose to 
call this union a manifestation of sex, it is 
clear that in the amoeba sex and repro- 
duction are two quite distinct things. In 
this act of union the number of cells is 
actually halved. It might even be looked 
on as part of the nutritional process. 

Sex Differentiation 

The earliest differentiation into male 
and female is to be observed in the elabo- 
rate world of the protozoa. In, for example, 
the one-celled little flagellate called 
bodo, reproduction takes place both by 
simple fission and as a result of conjuga- 
tion. No difference in shape can be dis- 
cerned between the male bodo and the 
female, but when the time comes for 
sexual union they behave differently. The 
male whips his way with his two flagella 
through the water to fuse with the 
female, which has remained immobile. 
The union is complete and absolute. 

The result of union between two 
gametes, or sex cells, is called a zygote. 
The zygote formed as a result of conjuga- 
tion between bodos differs in shape from 
the previously free-living individuals. 
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They have submerged their individuality 
in the interests of the future of the race. 
Inside the motionless sac which is the 
zygote a rapid cell division proceeds, and 
ultimately a large number of tiny spores 
escape and grow into adult bodos. This 
fruitful result shows clearly that the 
result of union is to speed up enormously 
the rate of reproduction. Sex in this case 
appears as an incitement or stimulus to 
the process of reproduction. 

The next step in sex differentiation is 
also exemplified among protozoa. Not 
only is there a distinction in behaviour, 
but also one in form. In a protozoon 
called coccidium schubergi, male and 
female appear after a long period of 
asexual reproduction by fission. One 
coccidium grows into a large round cell, 
packed with food granules. It remains 
stationary. Another individual divides up 
into a number of smaller pointed cells, 
each provided with two flagella by which 
it swims actively about. The smaller 
active cell, which we may call a sperma- 
tozoon, is attracted by the stationary large 
female cell and finally bores its way into 
it. The large cell pushes out from its sur- 
face a cone of reception, and at this 
spot union takes place. The zygote thus 
formed divides and re-divides, and, as a 
result, new individuals eventually enter 
the protozoal world. 

Sex in Evolution 

So sex made its appearance right at the 
beginning of things in the microscopic 
one-celled animals which sometimes be- 
have like plants and sometimes like ani- 
mals. The sexual process— the union of 
two cells, and the union of two nuclei— 
has played a fundamental part in evolu- 
tion. This process may be simply ex- 
plained as a straightforward attempt at 
division of labour. The female cell grows 
large by storing the food necessary for 
the growth of future individuals. So as 
not to waste this valuable substance by 
dissipating it in energy she remains 


stationary and passive. The male con- 
centrates on locomotion, this activity on 
his part ensuring that he will eventually 
meet his mate. 

In a large protozoon by name para- 
moecium, or the slipper animalcule, 
which is a common inhabitant of decaying 
vegetable matter, conjugation takes place 
between like individuals, without, how- 
ever, any sacrifice of individuality. Two 
animalcules come together and during 
their conjugation their nuclei divide and 
re-divide. Ultimately an interchange of 
nuclei takes place between the two, each 
animalcule receiving part of the nuclear 
material of the other. Fusion occurs be- 
tween the part exchanged and the part 
remaining, and the two animalcules then 
separate. This shows that the essential 
point in conjugation is exchange and 
fusion of nuclear material or chromatin. 

Multi- Cellular Organisms 

Nature, having once demonstrated the 
advantages of division of labour, pro- 
ceeded to experiment further. There were 
obvious limitations to what an isolated 
marauding one-celled unit of life could 
do. The units set about tackling their 
individual problems on a co-operative 
basis. There are, for example, certain 
protozoa which fasten themselves to ob- 
jects by a stalk-like structure. When they 
reproduce by splitting, the daughter 
cells thus formed remain attached and a 
colony of cells is formed. In free-swim- 
ming varieties the products of fission re- 
main grouped together, forming in some 
cases a sphere. In volvox (Fig. 10) the 
individual flagellate one-celled organisms 
stick together on the surface of a freely 
swimming sphere of jelly. The swimming 
is done by the united action of the indi- 
vidual flagellae. This experiment in col- 
lectivity was highly successful, and must 
have started off the evolutionary process 
that ended in the many-celled animal. 

One motive in sex differentiation was 
division of labour The experimenr 
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started by volvox and other one-celled 
protozoa and protophyta (early one- 
celled plants) opened out further and 
obvious possibilities of specialized ac- 
tivity. The amoeba could do only one 
thing at a time. Movement, reproduc- 
tion, eating, breathing— all demanded the 
undivided attention of the animal. The 
amoeba, of course, had great advantages. 

It carried no dead weight about with it in 
the form of a skeleton. It was wholly 
alive. But its opportunities for advance- 
ment were limited. Other protozoa be- 
came organized along more elaborate 
lines. Paramoccium, for example, has a 
definite mouth through which food can 
pass, and which is covered with fine hair- 
like structures known as cilia. (Our nasal 
and air passages are also lined with cilia.) 
These cilia, which are constantly vibrat- 
ing, propel paramoecium through the 
water. This protozoon has also a more or 
less definite part of its structure where 
waste matter is thrown out, though there 
is no tube or alimentary canal connect- 
ing this with the mouth. It further ejects 
long threads from the surface of its body 
when irritated; it is presumed that these 
are stings or comparable weapons of 
offensive action. 

Cell Specialization 

But volvox showed another way. How 
much more efficient would it be for some 
cells to do nothing but reproduce, some 
cells to look after locomotion, others to 
concentrate on nutrition, and so on. In 
volvox, and other colonies formed by the 
union or, rather, non-separation of 
dividing cells, some colonies produce 
only female cells or ova, and others only 
male cells or spermatozoa. The con- 
jugation of ovum and spermatozoon 
initiates the formation of a new colony. 
Other colonies are asexual and produce 
daughter colonies by simple fission. 

In the volvox colonics each cell is 
united to adjacent cells by fine threads of 
protoplasm, and all the cells are em- 
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bedded in a jelly formed by their own 
secretion. In this case the interests of the 
cell are completely submerged in those of 
the colony; the cell cannot exist apart 
from the community. Where the com- 
munity goes, there the cell has to go with 
it. The fine threads of protoplasm form- 
ing the network that keeps the individual 
cells in touch with each other probably 
serve as a communicating system of a 
physico-chemical nature. 

How far is the volvox colony an indi- 
vidual and how far is each cell in it an 



Fig. 10. /, Volvox colony oj smgie-ccilea 
individual organisms sticking together on a 
sphere of jelly , and acting as a collective 
group ; - J , enlarged section of volvox colony; 
j, moidd on skin of grape , showing a 
similar form of collective grouping. 

individual ? Volvox may consist of any- 
thing between 10,000 and 20,000 cells. 
One thing is clear: the increase in size 
was a great advantage. The animal was 
much less at the mercy of its environ- 
ment, not such an easy prey to other 
animals, and more able to secure food for 
itself. And it did not have to interrupt the 
ordinary day-to-day business of living 
when it wanted to reproduce. Certain 
cells — or rather, individuals — carried out 
this task. All the same, volvox could not 
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be called a multicellular animal. It was 
a colony of one-celled animals, which, for 
the sake of unity, co-operation and 
additional protection gave up their right 
to a free and unfettered existence. 

Sponges and Coelenterates 

Although we do not know just what the 
intermediate steps were, from the proto- 
zoa life branched off into two main forms 
— the sponges and the coelenterates. 
From an evolutionary point of view the 
sponges were a failure. No progress was 
found possible along those lines. The 
coelenterates represent a more successful 
venture on the part of Nature; the line of 
development they started was to end 
eventually in the human being. 

Sponges are sessile, that is, stationary, 
masses of cells through which water is 
continually streaming. Flagella lash water 
through hundreds of tiny holes and out 
through a single large opening. They ex- 
tract minute food particles from circulating 
water. Sponges have no mouths; each of 
the cells constituting a sponge feeds on its 
own account. They have no common di- 
gestive cavity, no sense organs, no 
nerves. The whole constitutes a rather 
passive and lazy aggregation of cells, each 
self-absorbed in its own existence. 

Methods of Classification 

Before going on to the coelenterates 
and the animals beyond these, something 
must be said about classification. Classifi- 
cation means the arrangement of animals, 
plants or forms of inorganic matter 
according to common characteristics in an 
orderly and comprehensive manner. 

Philosophers have employed the method 
since the days of the Greeks, but it is only 
comparatively recently that it has in- 
vaded the domain of science. Not until 
the eighteenth century did the great 
Swedish naturalist Linnaeus put the 
classification of animals and plants on 
a sound basis. 

To begin with, we can divide the 


world of life into two kingdoms— the 
animal and the vegetable. The animal 
kingdom is further divided into phyla, or 
groups, and then into classes, orders, 
families, genera (plural of genus), species 
and varieties. There is nothing mystical 
or magical about these words. They 
simply are used to represent different 
sizes of groupings. 

The first division in the animal world 
consists of a grouping together of all 
those animals made along fundamentally 
similar lines. For example, human beings 
have many things in common with the 
fish. We both have backbones made up of 
blocks of bone called vertebrae. We have 
eyes and a brain at the head end. Where 
we have arms and legs, the fish has fins 
which serve roughly the same purpose, 
that of locomotion. We both have a 
nervous spinal cord enclosed in the 
arches of the vertebra, and a digestive 
system on the belly side of the backbone. 
These and a whole number of other 
similarities of structure are common also 
to birds, monkeys, frogs, lizards and snakes 
—in fact, to all animals grouped in the 
great phylum known as the vertebrates. 

Divisions of Vertebrates 

Whatever differences they exhibit, all 
the vertebrates have backbones; hence 
the name. But among the vertebrates cer- 
tain obvious differences in structure 
make further division into classes at once 
necessary. Mammals are clearly different 
from birds, fish, reptiles or amphibia. In 
the mammalian class marked differences 
still appear, for the class includes the 
very primitive monotremes, which lay 
eggs; the marsupials, which carry their 
young in a pouch; and the placentals, 
which carry them to a high state of de- 
velopment in the womb. The placentals 
include a number of great mammalian 
families, among which are the primates. 
The primates include lemurs, monkeys 
and apes, and human beings. To the 
group human beings is given the 



generic name of homo and the identifying 
species name of sapiens. So Homo 
sapiens — that is, man as he exists today — 
is a primate (family), a placental (order), a 
mammal (class), a vertebrate (phylum) 
and an animal. As we shall see later, from 
these classifications we can infer quite a 
lot about ourselves. 

Progressive Specialization 

To return now to the phylum coelen- 
terates. This phylum represents the first 
many-celled animals, the first representa- 
tives of that second large division of the 
animal kingdom, the metazoa or animals 
that came after (meta) the protozoa, or 
first animals. It includes sea firs, jelly 
fish, sea anemones and corals. In the 
coelenterates, the single cell to all intents 
and purposes gave up its right to inde- 
pendent existence. It did this so com- 
pletely that the individual unit, the 
complete animal, comprised the entire 
collection of cells. In the course of evolu- 
tion, there was a progressive specialization 
of various groups of cells for various ani- 
mal activities: of muscle cells for move- 
ment, digestive cells for purposes of nu- 
trition, blood cells for carrying oxygen to 
the tissues, and so forth. But even in man 
there are still cells exactly similar to the 
most primitive free-living forms. The 
white blood cells move like amoeba and 
engulf organic matter — for example, 
bacteria. The cells of the windpipe possess 
vibrating cilia. The spermatozoon is an 
actively moving single cell. 

One of the earliest specializations was 
into body, or somatic, cells, and germ, or 
reproductive, cells. The germ cells are of 
two kinds: the large, passive eggs or ova, 
and the small, energetic spermatozoa, 
which swim about with the aid of flagella. 
We find this division into two sorts of 
cells — the body cells and the germ cells — 
in the freshwater polyp known as hydra 
(Fig. ii), a coelenterate. 

Hydra is like a thin thread about one- 
third of an inch long and is found at- 


tached to water plants in ponds. Essenti- 
ally it is a tube lined with cells (the 
endoderm) and covered with a second 
layer (the ectoderm). Between the two 
layers is a thin sheet of jelly-like material. 
At the free end of the tube is an opening 
or mouth surrounded by tentacles, which 
catch the food and shove it into the 
mouth. Between the cells on the outside 



tentacles; 3 ? testis; 4 , ovary; 5 , digestive 
cavity; 6 , stinging hairs; 7 , new bud. Hydra 
reproduces both sexually , through fertiliza- 
tion of the ovum by spermatozoon from 
another hydra , and asexually 3 by budding. 
It is hermaphrodite , but not self -fertilizing. 

of the tentacles are concealed cells which 
contain stinging capsules. These are tiny 
bodies with a spiral thread coiled inside. 
When the trigger hair which is on the sur- 
face of the cell is stimulated the spiral 
thread is uncoiled and shot out, poisoning 
whatever it comes into contact with. In 
this way the hydra possesses itself of such 
morsels as the larvae of water insects. 
Other and larger cells on the outside 
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of hydra send out at their bases pro- name for sex glands (that is, testes and 
trusions on to the sheet of jelly separating ovaries) is gonad. The testis is a gonad; so 
them from the inner layer. These pro- is the ovary. Hydra grows both and is 
trusions or elongations have the power of therefore hermaphrodite. Hermaphro- 
contraction, so that hydra can move and ditism is quite common among the lower 
close its tentacles on its prey. They are in animals, but usually development of the 
fact muscle cells. The cells lining the tube gonads is so timed and arranged that self- 
are digestive cells. fertilization is discouraged. The eggs of 

Hydra can reproduce sexually or one animal are fertilized by the sperms of 
asexually. In the latter way, little buds another, not by its own. 
and cells grow out from the main body 

and develop into full-grown hydras. For a Growth of H y dra 

time colonies are formed. Later the fully After fertilization of a hydra egg by a 
developed daughter hydra breaks away, hydra spermatozoon the resulting zygote 
In the sexual way, eggs and spermatozoa (the result mainly, it will be remembered, 

are formed. A few cells of the ectoderm of the fusion of the male and female 


multiply and form a lump. In one lump 
eventually a large ovum or egg-cell ap- 
pears. In another lump, cells multiply and 
give rise to a number of spermatozoa, for 
all the world resembling flagellate proto- 
zoa. The lump producing the ovum may 
be termed the ovary, and that producing 
the spermatozoa the testis. The general 



Fig. 12. A group of jelly fish {medusae). 
These possess a primitive nervous system , 
and also eye-spots and balancing organs. 
They bulk their frame with jelly , and some 
varieties may weigh as much as half a ton. 


nuclei) divides and forms a ring of cells 
round a hollow sphere which is rather 
like a volvox colony. (At one stage of its 
development the human embryo does the 
same sort of thing.) Later the cells multi- 
ply and a solid sphere of cells is pro- 
duced. A shell is secreted round this 
solid embryo. Then the solid mass de- 
velops into the two-layered adult, with 
mouth and tentacles and digestive tube. 

A close relation of hydra is the coelen- 
terate obelia, which occurs as a furlike 
growth on seaweeds and breakwaters, 
and is essentially a colony and polypus. 
Like hydra, obelia is a two-layered ani- 
mal. The ectoderm is surrounded by a 
hornlike shell, which extends at the ex- 
tremities of the branches into a cup. 
Within the cup is the polyp, with its 
mouth and tentacles. The tubular di- 
gestive cavity is common to the whole 
colony. This colonization is an asexual, 
budding affair. Occasionally some of the 
buds develop in a different way and pro- 
duce little umbrella-shaped creatures, 
called medusae, which swim away. They 
are built on the same plan as the jelly 
fish; the truncated handle of the umbrella 
is the mouth and gut, and this radiates 
out to the edge of the umbrella, which is a 
two-layered cell mechanism with the 
sheet of jelly in between greatly enlarged. 
These little jelly fish swim about and eat 
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and finally produce eggs and spermatozoa. 
When the time is ripe, eggs and sperma- 
tozoa are shot into the sea and unite, to 
produce new obelia. 

In obelia there is an alternation of 
generations produced by asexual and 
sexual methods. The asexual phase gives 
rise to a stationary colony of polyps, 
which leads rather a vegetable form of 
existence. The sexual phase produces an 
active, freely swimming organism. In 
hydra, this free swimming phase seems to 
have been suppressed; the eggs and 
sperms grow from the polyp itself. 

Primitive Nervous Systems 

We have already observed differentia- 
tion of cells into digestive cells, muscle 
cells and stinging cells. There is also in 
the coelenterates a primitive nervous sys- 
tem which consists of a network of fine 
fibres of protoplasm with occasional 
nerve cells in their course. In the 
medusae (Fig. 12) there can also be ob- 
served eye spots and balancing 
organs. The reserve network ensures that 
any stimulus transmits its message simulta- 
neously to the whole jelly fish, which 
then, by contracting its entire bell-like 
body, moves in the required direction. 
Every part is immediately put in touch 
with every other part. This has obvious 
disadvantages and a more selective ar- 
rangement appears in higher animals. 

Sea Anemones and Corals 

The other two main classes of the 
coelenterates (hydra and obelia belong to 
a single class) include the jelly fish, sea 
anemones and corals. In all, the ground 
plan is the same: two layers of cells with a 
sheet of jelly in between. The inner layer 
is simply a digestive tube. The outer one 
is differentiated into muscle cells, nerve 
cells, stinging cells and eye cells; and it 
can secrete a protective tube of hornlike 
substance. Sea anemones are polyps 
grown big by putting on jelly, corals 
“colonial” polyps which have made a 



Fig. 13. Digestive and excretory system of 
the fiatworm ( planaria ). (a) Digestive 

canal, (b) Excretory duct, (c) Suckers, (d) 
Excretory system, (e) Throat (pharynx). 
As there are no blood vessels , the digestive 
system reaches every part of the body 

skeleton of lime. The Great Barrier Reef 
of Australia, more than a thousand miles 
long, has been entirely built up by coral 
polyps. Jelly fish, as the name suggests, 
bulk their frame largely with jelly 
Varieties are known which may weigh as 
much as half a ton. 

The coelenterates constitute a rich and 
varied world, but the place they occupy in 
the scheme of things has been well 
summed up by Professors Haldane and 
Huxley in their book Animal Biology. “If 
one desires to visualize evolutionary pro- 
gress, one may do worse than to remem- 
ber that in its nervous and muscular 
organization a jelly fish, for all its beauty, 
is pretty much on the level of the human 
gut.” That is to say, the comparison is 
between the entire jelly fish and the 
human intestine, which, continuously and 
all uncontrolled by our conscious mind, 
carries out a succession of peristaltic 
waves capable of little modification. 
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The coelenterates, however, could not 
go much further in the evolutionary ex- 
periment. They are radially symmetrical. 
The higher groups of animals quite early 
on showed bilateral symmetry and de- 
veloped three layers of cells. In place of 
the sheet of jelly between ectoderm and 
endoderm, there appeared a middle layer 
of cells, the mesoderm. 

The Flatworm 

A particularly interesting example of an 
early three-cell-layered animal is planaria 
(Fig. 13), the flatworm, a white, flat 
creature about three quarters of an inch 
in length which lives at the bottom of 
ponds. Planaria has a head and a con- 
centration of nerve cells at the head end 
called the brain. It also has eyes. It has 
no blood vessels, and its mouth serves 
also as an anus, in this resembling 
obelia. Planaria is without a body cavity 
or coelom— that is, a space between the 
digestive tube of endoderm and the outer 
layer of ectoderm. Owing to the absence 
of blood vessels, the digestive and ex- 
cretory tubes have to branch into every 
recess of planaria’s body, so as to convey 
food there and remove waste. And the 
flatworm has to be flat so that the inter- 
change of oxygen and carbon dioxide can 
take place between it and the water it lives 
in. Blood vessels would have made this 
unnecessary. The great advance shown by 
the flatworm is the possession of a brain. 

Segmented Worms 

The annelida, or segmented worms, of 
which the earthworm (Fig. 14) is a 
familiar example, are the most primitive 
forms to possess a body cavity or coelom. 
All the animal kingdom above these lowly 
but useful creatures is known as coelo- 
mates. Annelida have a coelom between 
the gut and the outer layer, a blood sys- 
tem and an anus at the lower end of the 
digestive tube. 

The presence of a cavity or gap be- 
tween the gut and the body wall makes it 


possible for either to contract independ- 
ently of the other. The cavity is also a 
barrier between the gut and the muscular 
body wall, a barrier which can trap bac- 
teria. As animals grow in bulk, the ab- 
sorptive surface for food must increase; a 
body cavity makes it possible for the gut 
to be coiled without having to kink the 
body wall. Blood vessels, too, allow the 
body to increase in thickness, for they take 
oxygen and foodstuff to every recess and 
carry away waste products. In the absence 
of blood vessels to carry out this function, 
every cell of the body has to be near 
either the inner or the outer surface. 

Results of Segmentation 

The earthworm and other members of 
the phylum annelida, such as the graceful 
marine worms, are all segmented. Each 
segment, except the terminal ones, is like 
the one behind and the one in front of it. 
Through segmentation the animal grows 
in size. The first segment, which comes 
into direct contact with what is immedi- 
ately in front of the animal, becomes 
specialized in certain ways. It develops 
sense organs: eyes to see and ears to hear 
with. The nerve cells controlling these 
organs also collect at the head end, and go 
to form the brain. Mouth parts develop in 
the head end to cope with the food the 
animal meets in its path. The segments 
behind, monotonously repeated, offer 
opportunities for subsequent specializa- 
tion, including reproduction (Fig. 15). 
Each segment has a pair of excretory 
tubes or kidneys and a collection of 
nerve cells. A central nervous system runs 
along the belly and an artery along the 
back. The sandworm, nereis, has sticking 
out from the side of each segment pro- 
jections supplied with bristles and hairs. 
These can be looked upon as very primi- 
tive limbs, as they are used for getting 
about. Earthworms are hermaphrodite, 
but do not practice self-fertilization. 

The segmented annelids are of special 
interest in that from them there probably 
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Fig. 14. The earthworm, (a) Natural size, (b) Body opened to show interior organs . (c) Side 
view of front end. (d) Under view of front end. (e) Diagrammatic section: 1 , Throat 
{pharynx); 2 , heart; 3, glands producing calcium; 4 , seminal vessels; 5, crop , wfore food is 
prepared for digestion; 6, gizzard; 7> intestines. The earthworm is one of the segmented 
worms; the various segments become specialized for the performance of different functions , 
such as digestion , excretion 3 respiration , reproduction, and so on. The segmented worms are 
the most primitive forms of life which possess a body cavity , or coelom. 
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Fig. 15. Reproduction by segmentation • 
The segmented worms (of which the worm 
procerastea, illustrated here , is one), repro- 
duce by growing new segments. 1 and 3, new 

growths ; 2 , segments of original worm. 

developed the tremendously important 
phylum of the arthropods. This large 
group of the animal kingdom includes all 
the insects, crabs, lobsters, shrimps, 
scorpions, spiders, mites and centipedes. 
The arthropods have conquered air, sea 
and land. There is a simple little creature 
called peripatus which hides under 
stones and is found in Australia, South 
Africa and South America. It looks like a 
cross between a worm and a centipede. 

Links in Evolution 

In many ways it is like a worm and in 
many like an arthropod. It is, in fact, 
looked upon as a very primitive arthro- 
pod, and is a living link between the 
phylum of segmented worms and the 
phylum of arthropods. 

It is interesting to observe that the 
description of animals of increasing com- 


plexity is made simpler by taking evolu- 
tion for granted. To proceed from the one- 
celled, freely living organism to the 
colony stage (for example, volvox), from 
the colony stage to the two-layered ani- 
mal (for example, hydra), from this to the 
three-layered, and so on to the three- 
layered coelomate, is to proceed in a 
fairly orderly and understandable way. 
We are, indeed, collecting as we go evi- 
dence of the fact of evolution. Peripatus 
provides us with an intriguing example of 
a living clue. There are other similar ex- 
amples of the same thing. 

Arthropods 

We have now traced the development 
of life up to a highly complicated stage. 
Before leaving the invertebrates, or ani- 
mals without backbones, let us consider 
the arthropods in rather more detail. 

As with the annelids, segmentation is 
characteristic of the whole of the arthro- 
pod kingdom, which has developed a large 
number of varieties of segments. To get 



Fig. 16. The common lobster. The shell of 
the lobster is both a protection for its soft 
organs , and also an external skeleton. 
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Fig. 17. The spiders are members of the arachnid class of the arthropods. They possess a 
nervous system running along the belly and a heart, along the back ; their skeleton is external f 
and the body cavity is filled with pale blue blood. The illustration shows three different types 
of this widespread group. 2, Garden spider; 2 , common British spider; ?, Barbary spider. 


some idea of what the arthropod phylum 
has done with segments let us have a look 
at the anatomy of the lobster (Fig. 16). 

The most obvious thing about the lob- 
ster is its suit of armour, or shell. This is 
made of a horny stuff called chitin, which 
is reinforced with lime salts. The protec- 
tion offered by this structure is evident. 
Less evident is the fact that the shell is a 
skeleton to which the muscles are at- 
tached and which houses the soft organs. 
The lobster lives inside its skeleton. 

External Skeleton 

The external skeleton has, as against 
the internal, at least one grave dis- 
advantage, which has probably proved a 
severe handicap to what is on the whole 
an extremely successful phylum. When 
the lobster wants to grow it has to get rid 
of its skeleton and grow a new one. It 
has to moult. This process renders the 
lobster for the time being very vulner- 


able, a state the dangers of which it 
attempts to minimise by retiring to a safe 
crack in a rock until the moulting is over 
and the new armour fitted. Its so-called 
liver is stored with lime for the purpose of 
providing new shells. In its stomach is a 
chewing mincing machine made of chitin 
and called the gastric mill. This and the 
lining of the stomach have also to be 
moulted in the process of growth. 

On the other hand the lobster has 
carried out some very successful experi- 
ments with the little bristly projections 
found sticking out of the segments of 
nereis. Look at the hard jointed limbs and 
the variety of purposes to which they 
have been put. The feelers, the huge 
claws, the busy little limbs round the 
mouth which tear up the food, the appen- 
dages that bear gills for breathing pur- 
poses, and those which in the male are 
shaped for transferring the sperms to the 
female— all this very highly specialized 
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development has taken shape on a most 
simple ground plan. But note that the 
specialization has been carried too far for 
much adaptability. 

Liver of the Lobster 

The lobster has fused the first thirteen 
segments to form a box for enclosing and 
protecting its stomach, heart, liver, 
gonads and other soft organs. This box is 
packed in with pale blue blood, the colour 
of which is due to the copper-containing 
pigment. Human blood pigment contains 
iron, and is accordingly red. The so- 
called liver of the lobster in no way cor- 
responds to the human organ of that 
name. In addition to storing lime for 
shell repairs, it secretes the digestive fer- 
ments which in us are secreted by the 
salivary and intestinal glands and the 
pancreas. The segments of the hinder 
.part of the lobster have remained flexible 
and form a strong tail, the vigorous 
contraction of which propels it backwards 
through the water. In short, the ground 



Fig. 18. Ticks are another variant on the 
arthropod theme. They are parasites , and 
possess a toothed probe by which they adhere 
to the host whose blood they suck. 



Fig. 19. Myriopoda are a class of arthropods 
possessing a head and a trunk bearing many 
jointed limbs. (A and b) Millipedes, (c) 
Section of millipedes showing pairs of legs. 
(D) Centipede , showing segmentation of body. 

plan of the lobster differs radically from 
that of the vertebrate. 

All the other members of the arthropod 
phylum are the result of variant themes 
Nature has played on the simple seg- 
mented tube. The general plan remains 
the same; the nervous system runs along 
the belly and the heart along the back; the 
skeleton is outside the animal; the body 
cavity is filled with pale blue blood, and 
the segmental limbs are fitted out for 
every variety of activity. 

Classes into which the arthropods are 
divided are the Crustacea (crabs, lobsters, 
water fleas, shrimps), arachnida (spiders, 
ticks and scorpions, Figs. 17 and 18), 
myriapoda (centipedes and millipedes, 
Fig. 19), insecta (butterflies, Fig. 20; 
moths, flies, fleas, bugs, lice, cock- 
roaches, locusts, Fig. 21), and finally 
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Fig. 20. Butterflies , some Kell- known varieties of which are illustrated here , are members of 
the insect class of arthropods. They are found in an astonishing number of varieties and 
colorations but all possess the fundamental arthropod characteristics , such as bodily seg- 
mentation and blue blood, i, Trojan ; 2 , Camberwell Beauty ; J, Trojan ; 4 , Purple Emperor. 


onychophora, represented by the single 
genius peripatus. 

One point about the arthropods is that 
they are, from our point of view, a rather 
unpleasant crowd. Some of the species 
are indeed very dangerous to human life. 
Mosquitoes, for example, deal out ill- 
health and death to millions yearly in the 
form of malaria and yellow fever. Fleas 
carry plague, lice typhus, flies typhoid. 
Locusts consume the plant life that sus- 
tains us. Cockroaches raid our larders. 
Gnats, ticks and mites bite us and suck 
our blood. There is, in fact, a continual 
and gigantic warfare going on between us 
and the arthropod phylum. And in this 
ceaseless struggle the arthropod occa- 
sionally gets the upper hand. 

Arthropods live in the sea, on the 
ground and in the air. They have, in fact, 
explored every medium of living, from 
life in solitary state to highly organized 
communities. Numerous and amazing 


variations have been made of the com- 
mon arthropod stock. There is in all this 
variety an astonishingly close adaptation 
to circumstances: the gills of the lobster 
for breathing; the fine little air tubes per- 
meating the body of the insect, an air 
radiator that brings oxygen into intimate 
contact with every part of it; the develop- 
ment of the segmental appendages for 
hopping, eating, fighting, breeding, biting 
or sucking; the formation of wings from 
the skeleton for flying — all these varia- 
tions adapt the arthropods to a rich and 
varied environment. 

Mimicry is another adaptation em- 
ployed by the arthropods. It is an adapta- 
tion to danger which brings security 
from prying enemies. Wasps are rather 
unpleasant creatures and to be avoided. 
They have a vicious sting. If a harmless 
sort of insect wanted to elude its enemies 
it could not do better than try to look like 
a wasp. Accordingly a large number of 



Fig. 21. Insects , which are all arthropods. Notice in each case the hard external skeleton 
which houses the soft organs 3 and the segmentation which allows for the development of 
specialized organs. i 3 Dragonfly ; 2, burrowing beetle; 3, cockroach ; 4, locust; 5, human flea; 
6 } earwig; 7, daddy long legs; S } house cricket. The arthropods as a group , and particularly 
the insect class 3 are generally rather unpleasant animals from the human point of view. They 
are among the most active spreaders of disease and infection among both humans and other 
animals „ and thev are also responsible for a great deal of destruction of crops and food 
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harmless insects deck themselves out in 
black and yellow just like a wasp. Not 
that there has been any conscious attempt 
at imitation; the process must be en- 
visaged somewhat as follows. One day an 
insect of a particular species was born 
that happened to look something like a 
wasp. The resemblance lengthened its 
life, because traditional enemies did not 
immediately recognize it. Consequently 
it propagated a larger number of des- 
cendants. Among these, those which 
looked most like wasps tended to survive 
longest. So by selection the species be- 
came more and more wasp-like in appear- 
ance in the process of time. 

Ants and Termites 

Ants also are rather fierce little arthro- 
pods. The East African grasshopper en- 
sures its survival by resembling an ant 
when it is in the larval state and the leaf 
of the plant it lives on when fully adult. 
Some crustaceans resemble seaweeds. 
Plenty of other examples could be given. 
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One of the most fascinating develop- 
ments in the insect world is the appear- 
ance of highly organized social com- 
munities. In ant societies, for example, 
there are slaves, fighters who have for- 
gotten how to feed themselves, ants that 
turn themselves into reservoirs of honey 
for the community, sterile workers. The 
social development of the ant, bee 
(Fig. 22) and termite (Fig. 23) com- 
munities is, however, automatically regu- 
lated and appears to be entirely at the 
mercy of instinct. In effect it increases the 
size of the unit, and this increase makes 
for security and enlarges the possibilities 
of existence. But in the cause of the 
society the individual has to make an 
enormous sacrifice of its own freedom 
and individuality. 

The hard external skeleton has put a 
limit to the size an arthropod can reach. 
After moulting, the arthropod has to make 
another skeleton, and if its body were too 
large the process would take a long time. 
The danger, to which so long a period 




Fig. 22. Bees and ants have developed an extraordinary system of living in communities 
whose individual members each have a highly specialized function , imposed on them by the 
automatic workings of instinct , and resulting in increased security for the whole group. 
r, Working bee; 2, drone; 3, queen bee; 4 , wood ant worker; 5, wood ant male; 6, wasp. 
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of vulnerability would expose it, would 
appreciably lessen its chances of survival. 

There are instances of arthropods which 
have gone back in development. Sacculina 
is a good illustration of degeneration. In 
its adult form it is little more than a re- 
productive sac which sucks the life out 
of its victim. This unpleasant parasite 



Fig. 23. The termites also live in highly- 
organized and specialized social communi- 
ties. j, Queen termite ; 2, male; J, soldier; 

4 j worker; 5, honey -ant. 

would hardly be recognizable as an 
arthropod if it were not that the larva 
which hatches out of the egg resembles a 
perfectly good crustacean, having a 
skeleton and jointed limbs like tny other 
crustacean. The larval form repeats the 
traditional story. It resembles the ances- 
tral stock infinitely more closely than 
does the adult. Among the higher animals, 
development of the embryo often gives 
us a valuable clue to the course of their 
evolutionary history. 

We have now come a long way from 


paramoecium, hydra, planaria. Through- 
out this sequence we have seen an in- 
crease in complexity and in organization; 
a great experimentation in form and 
activity. It would seem as though we are 
quite justified in describing this as pro- 
gress. There are, it is true, instances of 
retrogression, such as sacculina, but these 
are rare, and only serve to throw up 
more clearly the main line of develop- 
ment, which steadily proceeds from the 
simple to the more complex. 

Molluscs and Echinoderms 

There are two other invertebrate 
families to which reference may be made 
—namely, the molluscs and the echino- 
derms. The molluscs include oysters, 
whelks, mussels, scallops (Fig. 24), 
cuttle-fish and octopuses (Fig. 25). They 
have shells and their blood is pale blue, 
but they are not segmented. The scallop, 
for example, looks rather as if its organs 
had been laid out on a plate. It is one of 
the bivalve molluscs which keep the two 
halves of their shell closed by a very 
powerful muscle. Snails and slugs. move 
about on a muscular foot. The foot of the 
cuttle-fish and the octopus has been 
modified into a number of flexible and 
strong arms, or tentacles. In order to 
put its enemies off the scent the cuttle-fish 
can change colour rapidly as it swims 
away. If this fails, it goes dead white and 
at the same time ejects a dark fluid, 
sepia, in order further to mislead its 
pursuer. Some varieties of octopus reach 
a formidable size — as much as thirty feet 
or more across the outstretched arms. 

Another of Nature’s experiments is the 
echinoderms, typified by the starfish. 
They are radially symmetrical (Fig. 25), 
but the form of the larva shows definitely 
that they once came from a bilateral 
stock, thus affording yet another example 
of how the origin of a species may be 
traced in its biological development. The 
individual in its growth to adulthood re- 
peats the main characteristics of its 




Fig. 24. Scallops are members oj the mollusc family , another group of animals without back- 
bones. Like the arthropods , they have shells and their blood is pale blue , but their bodies are 
not segmented. The scallop keeps the two halves of its shell closed by a powerful muscle 



Fig. 25. 1, Octopus; 2, mouth of octopus, j, cuttic-jisn. Although these creatures, which are 
of the family of the molluscs, are radially symmetrical, the form of the larva shows that they 
once came from a bilateral stock. They are among the most highly developed of non-vertebrate 
creatures. Some varieties of octopus reach a formidable size — as much as thirty feet across 
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ancestry. Sea urchins, sea stars and 
brittle stars are further examples of 
echinoderms (Figs. 26 and 27). 

Molluscs, echinoderms and arthropods 
represent experiments along different 
lines with the coelomate structure. One 
cannot say that any one of these phyla is 
higher than another, though the arthro- 
pods are the most successful in numbers 
and in enterprise. 

Beginning of Vertebrates 

At some point in this exuberant pro- 
duction of animal forms a very primitive 
and simple, bilaterally symmetrical and 
segmented creature started off an experi- 
ment that has ended in the species Homo 
sapiens. The earliest vertebrate probably 
resembled the tiny shore-living animal 
known as amphioxus (Fig. 28), or the 
lancelet. Amphioxus has a number of 
vertebrate features. It possesses a tail, 


that is, a muscular extension of its body 
beyond the anus. All invertebrates come 
to an end at the anus or exit of the di- 
gestive tract. The development of a 
muscular tail was an important evolu- 
tionary move. 

Amphioxus has also a spinal cord of 
nerve tissue down its back, and, most im- 
portant of all, a stiff rod running the 
whole length of the body between the 
spinal cord of nerve tissue and the di- 
gestive tract. This rod, called the noto- 
chord, is the forerunner of our backbone. 
A rod like the notochord of amphioxus 
develops in the embryos of all vertebrate 
animals: fish, reptiles, birds, mammals. 
On either side of this solid axis, muscles 
are attached, and, compared with a 
worm, amphioxus has a very well- 
developed muscular apparatus. 

Bilateral symmetry, which will give a 
right and a left, a back and a front, is 



Fig. 26. Echinoderms. 1, Sea urchin; 2, starfish; 3, brittle star. Echinoderms resemble arthro- 
pods and vertebrates in the possession of a body cavity. They have also a quite highly-developed 
nervous system. The name echinoderm means “prickle-skinned” denoting one of their principal 
characteristics , which is especially pronounced in the make-up of the sea urchins. 
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Fig. 27. 1 and 3, Sea urchins ; 2, starfish . The cchinoderms are not a very familiar form of 
life, but they play a large part in the economy of Nature. They have built up huge masses of 
rock ; and they fill a valuable role as scavengers of the ocean. 


apparently necessary for active and quick 
movement. It is unnecessary to stress the 
advantages in both fight and flight which 
speed and power give their possessors in a 
world largely made up of adversaries. 
Another structure which amphioxus 
possesses is a perforated pharynx or 
throat. Water is whisked into the 
pharynx by cilia on its surface, passes out 
through the holes in the pharynx into the 
space round it and then goes through a 
further exit into the surrounding water. 
This is a mechanism for use in trapping 
food particles, foreshadowing the gills of 
the fish. 

Amphioxus has no recognizable head, 
no heart — though it has a contracting 
blood vessel — and a mere pouch of gut to 
act as a liver: in fact, it can be regarded as 
no more than a first rough sketch which 
gave Nature ideas for some of her 
grandest designs. As Professors Haldane 
and Huxley say: “It (amphioxus) serves 
to remind us of a time long before that of 
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the earliest fossils preserved to us now, 
when none of the chordate (that is, ani- 
mals possessing a notochord) stock had 
reached a higher organization than this; 
and all the highest types of life — bird, 
horse, lion, dog and man himself— were 
no more than a potentiality slumbering in 
the germ cells of little amphioxus-like 
creatures in the sea.” 

Other Primitive Vertebrates 

There arc other primitive chordates of 
a more curious nature. The sea-squirt 
(Fig. 29), which is a shore-living beast, is 
a tubular jelly-like mass which at a glance 
looks as little like a vertebrate as a sea 
anemone. But the larva of the sea-squirt 
is a free swimming chordate, built on the 
amphioxus plan. Some of the near rela- 
tions of the sea-squirts reproduce by bud- 
ding and in this way they contrive to build 
up a colonial system. 

Another primitive chordate, balano- 
glossus, resembles in its larval form the 
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Fig. 28. Amphioxus or lancelet. This tiny shore-living animal is the type of the earliest 
vertebrates. It possesses a spinal cord of nerve tissue down its back , and also a stiff rod , called 
the notochord \ running the whole length of the body. This is the forerunner of our backbone. 
A similar rod develops in the embryo of all vertebrates. To this notochord , a well-developed 
muscular system is attached. The illustration shows the stages in amphioxus * growth. 
/, Stem-cell; 2 } ovum in segmentation; 3, young larva; 4, older larva ; 5, adult amphioxus. 



ORIGIN OF THYROID GLAND 



.Hg. 2y. deu-squiu, another p, uniiiot 
vertebrate. /, Cell; 2 , cell in segmentation; 
3 > larva; 4 , adw/f. (a) Mouth, (b) /Ws. 
(c) G///5. (d) Oz;<2. Notice the developed 
notochord , or primitive backbone , m rAe 
larval stage of the sea-squirt's development. 

cchinoderms. This suggests that both 
echinoderms and vertebrates branched 
off from a common stock, and supplies a 
link between vertebrates and inverte- 
brates. A very curious experiment was 
once done with developing eggs of the 
echinoderm sea urchin (Figs. 26 and 27). 
The eggs were brought up in sea 
water from which all calcium had been 
removed. The effect of this was that when 
each egg began dividing into two, and 
then into four, eight, sixteen, thirty-two 
cells and so on — just as we all begin life — 
the cells, instead of sticking together, 
separated and swam about freely just as if 
they were flagellate protozoa. They re- 
verted to type, that is to say, they re- 
gressed to a form of existence which their 
stock had put behind them for millions of 
years before these individuals existed. 

The next stage in vertebrate corn- 
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plexity is shown by the lamprey (Fig. 
30), which shows an advance on amphi- 
oxus in that it has a brain, a sort of skull, 
a heart and a liver. It has no teeth and no 
limbs, and though a long way ahead of 
amphioxus, is still a long way behind the 
fish. A very interesting point about the 
lamprey is that in it the thyroid gland 
makes its first appearance. In the larva of 
the lamprey there is a groove in the floor 
of the throat: in the adult the cells in this 
floor become, so to speak, rolled up and 
shut off from the* throat. These- cells 
form the toroid gland. 

In man the thyroid gland is normally 
located on either side of the windpipe in 
the neck, but occasionally it appears at the 
back of the tongue, where it began at the 
lamprey stage of vertebrate development. 



Fig. 30. Lamprey and mouth of lamprey . 
This animal is a further stage in vertebrate 
development , showing an advance on amphi- 
oxus by possessing brain , heart and liver. 
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Fig. 31. Dogfish; inset A, cgg-casc with embryo. This represents the more primitive group of 
fishy those without any bone in their skeleton (1 dasmobranchs ). The dogfish is modelled on 
the same lines as the mammal , possessing heady eyes and nostrils , and two sets of paired fins. 


We pass on to fish. This great phylum 
is divided into two main groups, the 
lower group of the elasmobranchs, or 
those without any bone in their skeleton, 
and the teleosts, or bony fish. 

The first and more primitive group is 
represented by the dogfish (Fig. 31). 
This has a head, eyes, nostrils and gill 
slits at the side of the throat. The first 
gill slit differs from the others. It opens 
just behind the eye, passes close to the 
inner ear and ends up in the mouth. In 
mammals the outer ear leads by a short 
tube to the middle ear, being separated 
from it by the car drum. On the other 
side of the drum the middle ear leads via 
the Eustachian tube to the back of the 
throat. This ear passage from outside to 
inside developed from the first gill slit. 
That this is so is shown by the fact that 
during individual development of the 
embryo mammal, gill slits are formed 
(Fig. 32), the first of which seoarates off 



Fig. 32. Human embryo at fifth week of 
growth, (a) Gill slits. These develop in the 
human embryo exactly as in the fish ; the 
first slit separates from the others during the 
period of foetal growth and becomes the 
passage connecting the ear with outside. 
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from the others and gives rise to the ear 
passage. The tubular ear passage of the 
mammal is thus comparable with the first 
gill slit of the fish. Both are formed from 
a common anatomical ground plan. 

The dogfish has two sets of paired 
fins, the first pair being just below the last 
gill slit and the second on either side of 
the anus. These correspond to our arms 
and legs. It breathes by taking water 
through the mouth and passing it over 
the gills, which extract oxygen from it. 
The notochord of amphioxus (Fig. 28) 
has given place to a jointed backbone, 
which houses the nervous spinal cord, 
and this is continuous with a brain 
lodged inside the skull. Even down to 
minute details, the dogfish is modelled on 
the same lines as the mammal. As H. G. 
Wells says in his Science of Life “. . . if we 
had a model dogfish made of plasticine 
we could twist and stretch and bend it 
bit by bit, increasing the quantity at this 
point perhaps and diminishing it at that, 
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but adding nothing essentially new , until we 
had a very passable model mammal. . . .” 

The skin of a dogfish is very rough. If 
it is examined closely it is found to have 
little spines or denticles modelled exactly 
like teeth, with enamel on the outside, 
then dentine, and a pulp cavity through 
which enter blood vessels and nerves. 
The dogfish is in fact covered with minia- 
ture teeth. The true teeth of the mammal 
have developed from the rough skin 
covering the jaws of the dogfish. 

The bony fish made an advance on the 
non-bony or gristly fish when they de- 
veloped a gas bladder or swim bladder 
(Fig. 33). This enabled them to deal with 
the problem of gravity and devote them- 
selves to streamlining and developing 
powerful muscles. Their heavy bulk 
tended to carry them to the bottom of the 
sea unless they continually expended an 
enormous amount of energy in fighting 
the attraction of gravity. The develop- 
ment of what may be called internal 



Fig. 33 - Section of fish of more developed type , possessing bones in their skeleton ( teleosts ). 
r, Swim bladder ; 2, brain ; 3 , heart. Notice how the brain , as in mammals ( including man ) 
is a continuation of the spinal cord. The swim bladder , a sort of internal balloon , is another 
development in this group which played an important part in the evolution of land animals. 
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balloons was a most ingenious device on 
the part of Nature. It not only gave 
buoyancy, but enabled the fish, by alter- 
ing the pressure, to move at a desired 
level in the sea, or to rise to the surface 
as it pleased (Fig. 34). 

But the over-riding importance of the 
gas bladder lay in the fact that it made it 
possible for the vertebrate phylum to 
experiment with living on the land. There 
are found today in Australia, Africa and 
South America what are called lung fish 
(Fig. 35). During conditions of drought 
these fish find themselves stranded on 
dry land, but unlike other fish they do 
not die, because they are capable of 
taking air into their gas bladders and of 
extracting oxygen from it. In other words, 
whenever faced by this emergency, they 
breathe. It is possible that in the first place 
the gas bladder appeared in the fish world 
as an adaptation to drought conditions in 
freshwater surroundings, that it was sub- 
sequently exploited as a balancing and 
depth organ, and later used again as an 


aid to the creatures permanent survival 
on land. 

The larva of a lung fish looks for all the 
world like a tadpole, and the tadpole is 
itself, in appearance and habits, a living 
reminder of the fact that land vertebrates 
evolved from water vertebrates. 

Leaving the Water 

The possibility of leaving the water for 
the dry land was provided for by the de- 
velopment of the gas bladder in bony fish. 
Some of these lung fish went on being 
lung fish, normally living in the sea but 
capable of existing on land. Others went 
back to the sea again and used their 
lungs as internal floats — an adyenture 
which proved highly successful. Others 
became permanent inhabitants of the 
land. We have no record of just how this 
was done. Having mastered the breathing 
of air, these early land fish would have 
to learn how to pull themselves along, to 
crawl, with the aid of their fins. Some- 
thing of how this became possible is 



Fig. 34. Deep water fish coming to the surface. This illustrates the use of the swim bladder. 
The heavy bulk of the bony fish tended to carry them to the bottom of the sea. The develop- 
ment of the swim bladder , however , gave them buoyancy , and also enabled thefish } by altering 
the gas pressure of the bladder , to move at a desired level in the sea , or rise to the surface. 
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Fig* 35* Lung-fish. ’1 his animal, which is jound today in Australia , Africa and South 
America , represents the earliest type of animal which was able to live on land. This is possible 
for it because when stranded on dry land by drought , it is capable of taking air into its swim 
bladder and extracting oxygen from it. In other words , it can breathe. 


shown by the living fish called the mud 
hopper, which crawls about on the mud 
by means of its very muscular fins. 

We have already shown that the 
embryo which leads an independent 
existence (the larva) often betrays the 
origin of the adult. The frog is an excel- 
lent illustration of this. It sheds its eggs 
into the water, and these hatch out into 
free swimming larvae known as tadpoles 
(Fig. 36). The tadpole is much more a 
fish than a frog. It breathes by means of 
gills and gill slits, it swims with its tail, 
and its internal organs arc laid down on 
fish-like lines. In developing into a frog, it 
scraps its fish-like organs and grows its 
frog-like land-living organs. Gills and tail 
disappear, various internal organs are 
reconstructed, lungs grow, arms and legs 
appear. 

The interesting discovery has been 
made that this change of tadpole into 


frog is regulated by the secretion of the 
thyroid gland. If, for example, you give a 
young tadpole an extract of thyroid 
gland, you can accelerate the change at a 
great rate and produce very miniature 
frogs. On the other hand, if the thyroid 
gland of the tadpole is removed — and 
this has been done — the metamorphosis 
into a frog never takes place; the tadpole 
goes on being a tadpole and grows to a 
size never attained by normal tadpoles. 
It remains an overgrown baby. It will be 
remembered that essentially the same 
arrest of growth is effected in the human 
being by absence of or deficiency in the 
thyroid gland. 

Frogs and Men 

The adult frog is only partially adapted 
to a dry life. Its skin is fine and moist 
and must be kept moist, or the animal 
will die. In its fundamental structure 
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(Figs. 37 and 38) the frog has everything 
we have. Like ourselves, it is built on the 
vertebrate plan. We both have brains and 
a spinal cord, housed respectively in the 
skull and the spinal column and forming 
the central nervous system. Its vertebrae, 
like ours, are jointed. We both have a 
liver, two kidneys and a spleen. We both 
have fore-limbs and hind-limbs, eyes, 
ears and nostrils, and they all appear in 
similar positions. The frog, like us, has 
one bone in the upper arm corresponding 
with the humerus, and two in the lower 
arm, corresponding with the radius and 
the ulna. It has wrist bones and five 
fingers and toes. There are, of course, 
differences of shape, degree and func- 
tion; otherwise frogs would be men, and 
men frogs. For example, the frog 
breathes through its skin as well as 
through its lungs. 

The axolotl (Fig. 39) is a very odd 
amphibian which lives perpetually in a 


larval form. Inhabiting the dry Mexican 
plateau, it finds life in the water infinitely 
preferable to life on land. So it keeps its^ 
gills and reproduces itself as a gilled 
water-living beast. But if some thyroid 
extract is given to the axolotl it will turn 
into a perfectly mature adult salamander. 
This perpetual immaturity is an astonish- 
ing example of adaptation to difficult con- 
ditions. If the axolotl, ages back, had not 
discovered the device of holding up its 
secretion of thyroid, it would probably 
have become extinct. 

The Reptiles 

The reptiles advanced beyond the am- 
phibians by learning how to breathe 
entirely through the lungs. Thus they did 
away with a restrictive dependence on 
water and moist conditions, though the 
fondness for water of most reptiles reveals 
their close relationship with the amphi- 
bian. Some, such as the crocodile, have 



Fig. 36. Tadpoles and more advanced frogs' larvce. The tadpole , or immature frog , is in 
many ways more of a fish than a frog , and thus ts an illustration of the fact that land verte- 
brates evolved from water vertebrates. It breathes by means of gills and gill slits } it swims 
with its tail , and its internal organs are laid down on fish-like lines. 
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Fig. 37. Skeleton of frog . As the tadpole develops into a frog , it gets rid of its fish-like organs , 
and becomes a land-living animal. The gills and tail which were necessary to it as a water 
animal disappear s and it develops lungs , arms and legs. In its fundamental structure , the frog 
has exactly the same sort of body as man. Notice the jointed vertebra , the spinal column , 
which houses the spinal cord and is connected with the skull , the arm with one large bone in 
its upper part and two in its lower part , the wnst bones and the five fingers and toes on each 
hand and foot. It also has a liver 3 two kidneys and a spleen , in similar positions to those which 
these organs' occupy in man. It is of interest that the change from tadpole to frog is regulated 
by the secretion of the thyroid gland } which plays a similar part in human development. 
If a young tadpole is given a thyroid extract it rapidly changes into a miniature frog. If the 
tadpole's thyroid gland is removed it never becomes a frog at all. 
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taken almost completely to the water 
again. But so has the whale, which is a 
mammal. Every advance made by Nature 
can show such regressions. A further ad- 
vance was made when they shifted their 
limbs so that they became supports for 
their body. The reptiles were the first 
genuine land creatures, and once upon a 
time they dominated the world as com- 
pletely as we dominate it now. Today 
there only exist the four orders repre- 
sented by the crocodile, the tortoise, the 
snake, and the sphenodon. Twenty other 
orders have become extinct. 

Yet another device which helped to 
make the reptile independent of the water 
was the development of the amnion, a 
water cushion within the egg which allows 
the embryo to develop in fluid, and to be 
protected from pressure. The amphibian 
frog sheds its eggs naked into the water 
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The reptile found a solution to the prob- 
lem of the fluid environment required by 
the embryo by forming the water inside 
an egg protected by a shell. The human 
mother, though in common with other 
mammals she has discarded the egg 
method, has inherited the same water 
forming device. 

The Tuatara 

The fourth class of reptile to which we 
referred above was sphenodon or the New 
Zealand tuatara (Fig. 40). This astonish- 
ing animal is looked upon as the oldest 
surviving type of land vertebrate. It is 
found only in New Zealand, and it dates 
back to the end of the Palaeozoic period, in 
the Permian epoch. (Oldest surviving 
types of animals are common in New 
Zealand and Australia. On the theory that 
animals have evolved from ancestral types. 



Fist. 38. Circulatory system of the frog. Like Us skeleton, the blood system of the frog is 
fundamentally similar to that of man ; the same system of arteries and veins appears in 
approximately the same positions and functions in precisely the same way 



Fig* 39* Axolotl. This animal is an amphibian , found m Mexico , which normally never 
emerges from its larval form. Life is easier for it in water than it would be on land , 50 u 
retains its water-living features and reproduces itself as a gilled , water-living beast. If , 
however, it is given thyroid extract , it becomes a perfectly mature adult salamander 


this is not surprising, as these countries 
were separated from the main land masses 
millions of years ago). One of tuatara’s 
features is that it has a quite well-developed 
third eye behind and between the usual 
two. This is known as the pineal eye, and 
is represented in us by the pineal gland, a 
small stalked structure lying on the roof 
of the brain. 

Development of Birds 

Both birds and mammals are believed 
to have developed from reptiles. There is 
some interesting evidence in support of 
this belief. Birds resemble reptiles in many 
ways. For example, they lay large yolked 
eggs covered with a shell, inside which 
embryos have the comforting support of 
the amnion. But they differ in many ways. 
The scales of the reptile have given way 
to feathers. Birds, unlike both reptiles 
and amphibians, are warm blooded and 
take more care of their young. Their fore- 
limbs have been modified into wings, and 
only one finger or digit projects freely 


from the front border of the wing (Fig. 41). 
The tail has been shortened and modified 
to form a bone which supports the tail 
feathers. Teeth have been replaced by a 
beak. The lungs of birds communicate 
with air sacs which burrow into different 
parts of the bird’s body, into the bones, 
along the neck, among the viscera. These 
air sacs extend to the surface for breathing 
and they also lighten the body and help 
to streamline it. 

Fortunately the remains of the earliest 
known bird have been preserved in the 
rocks. These indicate clearly a reptilian 
ancestry. Archaeopteryx, as this bird is 
called, was found in the Upper Jurassic 
rocks of Bavaria. The fine lithographic 
stone composing this stratum is well suited 
to preserve the detail even of feathers. 
Archaeopteryx was about the size of a rook. 
It had feathers and bird-like wings. But 
instead of only one projecting digit on the 
front edge of the wing, it had three. Its 
tail was like that of a lizard and consisted 
of twenty separate vertebrae each carrying 
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Fig. 40. Tuatara. This reptile ( found only in New Zealand , where many primitive animals 
survive, as a result of its separation from the main land masses miliums of years ago ) is thought 
to be the oldest surviving type of land vertebrate. Among other unusual features , tuatara 
possesses a third eye between the usual pair. This survives in humans , in atrophied form, as 
the pineal eland , a small stalked structure which lies on the roof of the brain 



Fig. 41. Left , skeleton of bird ; right , scapula of bird. Birds are believed to have developed 
from reptiles, but have changed in many ways. The skeleton shows the same fundamental struc- 
ture 3 but limbs have been modified into wings, teeth replaced by a beak and scales by feathers. 
However , the fossil remains of the earliest known bird , archceoptcryx , have many reptilian 
features. This creature possessed a long jointed tail like a lizard's , and a good set of teeth. 
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a pair of feathers. And it had a perfectly 
good set of teeth. Archaeopteryx was mostly 
bird but partly reptile. The long jointed 
tail, the teeth, and the clawed fingers show 
reptilian affinities. 

Mammals are so called because they 
have mammae, or breasts, with which they 
suckle their young. The monotremes— of 
which there are two living examples, the 
spiny ant-eater and duck-billed platypus 
( see Chapter XIII) — are links between 
reptiles and mammals. They, like mam- 
mals, suckle their young and are covered 
with hair. But, like reptiles, they lay eggs. 
Their brains are rather reptiles’ brains, as 
are parts of their skeleton. They have one 
bone in their skeleton which is typically 
found in reptiles and is present in no other 
mammal. They find it difficult to maintain 
their blood at a constant temperature. 

The monotremes exist only in Australia, 
where also are found the animals which 
nourish their young in a pouch formed in 
the belly wall — the marsupials, of which 
the kangaroo (Fig. 42) is a familiar example. 
The young kangaroo is born blind and, so 
to speak, prematurely. So it has to be 
protected in the mother kangaroo’s pouch. 
The marsupials are primitive mammals 
which differ in many other ways, apart 
from the possession of a pouch, from the 
higher animals. 

Placental Mammals 

The third division of mammals, the 
placental mammals, are more advanced 
than the marsupials in brain development, 
but also and chiefly in the development of 
the placenta. When the embryo of the 
placental mammal grows in the uterus or 
womb, it remains attached by the umbili- 
cal cord to the wall of the vesicle in which 
it grows. This vesicle, called the chorion, 
expands into the cavity of the uterus. But 
at one point, opposite the attachment of 
the umbilical cord, it fuses with the wall 
of the uterus, dovetailing into it. Here the 
blood vessels of the embryo are separated 
from the blood vessels of the mother onlv 


by a thin partition, through which the 
embryo is nourished. This union of 
embryo and maternal uterus is called the 
placenta. When the embryo is bom, the 
placenta is separated from it and is later 
discharged from the womb. The important 
thing about the placenta is that it enables 
the embryo to stay a longer time inside the 
mother and thus to reach a fairly high 
stage of maturity before it is born. This 
longer protection affords a greatly increased 
security to the young and thus avoids the 



Fig. 42. Kangaroo. Like New Zealand \ 
Australia has many primitive animal types . 
One of these is the marsupials , a primitive 
mammal which carries its young in a pouch. 

necessity for the wasteful proliferation of, 
say, the herring, which spawns in millions. 

The placental mammals may be divided 
into four great categories: the hoofed 
mammals or ungulates (e.g., horses, pigs, 
deer, goats, sheep, elephants); unguicu- 
lates or clawed mammals (rabbits, rats, 
moles, cats, dogs, seals, walruses); ceta- 
ceans, or wholly aquatic mammals (dol- 
phins, porpoises, whales); and lastly the 
•primates, which includes lemurs, monkeys, 
apes, and man. The primates are dis- 
tinguished by the great development of 
the brain and the astonishing use made of 
the hand, which curiously enough is in 
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them a very primitive, almost reptilian 
structure. It is vastly more primitive than 
the hoof of a horse, which has become 
specialized for one kind of activity. 

In tracing this continuous story of the 
increasing complexity of living things we 
have indicated an important part of the 
evidence for evolution. Here and there 
have appeared clear links between one 
group of animals and another more highly 
specialized group. The development of the 
embryo gives valuable clues to the history 
of the adult form. Life, we see, has become 
marvellously adapted to all manners of 
living in sea, on land and in the air. It has 
radiated out in all directions. There has 
been progressive mastery by living forms 
of the problems set by the physical and 
chemical structure of the world, a mastery 
which has reached impressive proportions 
in the primate man. 

Evidence of Fossils 

But the reader will want more evidence 
of evolution than has yet been given him. 
The various manifestations of life have 
been roughly sketched out. It has been 
shown how living things can be con- 
veniently classed together on the basis of 
similarities and how they can be separated 
on the basis of dissimilarities. It has been 
shown, too, how many old life features 
survive in the most highly organized 
mammal. Occasionally, human beings, for 
example, are bom with tails (every human 
embryo at one stage has one), with a 
persistent gill slit, with muscles that are 
normally only found in monkeys, and so 
forth. All vertebrates have on the roof of 
the brain a pineal body, which is the vestige 
of a second pair of eyes the very earliest 
vertebrate stock is thought to have pos- 
sessed. Sphenodon gives us the hint here. 

We have also indicated in the note on 
archaeopteryx how valuable is the evidence 
provided by the fossil. It is to this evidence, 
as it is told in the story of the rocks, we 
shall now turn. Archbishop Ussher, it will 
be remembered, was rash enough some 
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300 years ago to date the creation of the 
world as 4004 b.c. But it became increas- 
ingly clear to scientists during the eight- 
eenth and nineteenth centuries that this 
was a fantastic underestimate. If evolution 
really had taken place by the gradual 
development of simple forms of life into 
more complicated forms, the time required 
for this must have been truly colossal. 
Many estimates were made on various 
hypotheses, and finally a reasonably secure 
basis for calculation was secured when 
Madame Curie discovered radium in 1898. 

Radio-Activity 

Radio-active substances are substances 
of great atomic weight which are continu- 
ally breaking down by radiating out par- 
ticles known as alpha particles and beta 
particles. The former consist of the nuclei 
of the helium atom and the latter are 
electrons. At the same time a gamma ray 
is also given out which is the same as the 
X-ray. In this process of radiation there is 
a transformation of one atom into another. 
The heaviest of all atoms and the parent 
atom of all natural radio-active substances 
is uranium. After losing so many particles 
uranium changes into radium which, 
carrying on the radio-active process, even- 
tually becomes lead. Lead undergoes no 
further change; its atoms are stable. But 
lead resulting from the disintegration of a 
radio-active substance has a different 
atomic weight from that of ordinary lead. 

Geological Clocks 

The life of these radio -active substances 
varies from less than one eleven-hundredth 
of a second to thousands of millions of 
years, uranium having the longest life of 
all. Their disintegration proceeds in a 
perfectly regular way. Their length of life 
is fixed and definite. They are therefore 
excellent geological clocks. If, for example, 
we take a stratum of radio-active rock we 
can by calculating the proportion of helium 
and lead to the uranium in it gauge accu- 
rately its age. The physicists have thus 




Fig. 43. The study oj comparative anatomy is often a useful guide to the development of 
features in individual species. The illustration shows the extremities of various mammals , 
indicating that they are nearly all built on the same plan > and suggesting that in the case of 
the horse , the modern one-toed foot must have developed from a limb which originally had 
five toes , the other four toes having gradually retrogressed . Foot of pig; 2, leg of frog; 3 , 
right fore-limb of whale; 4, foot of horse; 5, hand of man; 6, hand of chimpanzee. All the 
animals shown are mammals , but the same ground plan is also characteristic of amphibians 
and reptiles. Theories suggested by comparative anatomy are supported by the fossil evidence. 
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been able to confirm the theory that the 
earth is quite old enough for there to have 
been plenty of time in which life could 
evolve through the gradual process from 
the simple to the complex. 

There are ways of checking the radio- 
active calculations, such as by estimating 
the rate of land erosion and of deposition 
of sediment. We have already mentioned 
that the chalk cliffs of Dover are to a large 
extent formed by the shells of the little 
flagellate foraminifera . The strata of which 
the cliffs are composed were laid down 
under the sea. The skeletons of tiny animals 
and plants are perpetually dropping in a 
fine shower to the floor of the ocean. For 
millions of years this deposition of sedi- 
ment has been going on. In the course of 
time, it results in what we know as the 
sedimentary or stratified rocks. 

Rock Strata 

In these rocks, as is well known, fossils 
of all kinds can be found. The gradual and 
gentle method of their deposition is emi- 
nently favourable to the preservation of at 
least the imprint of indissoluble substances . 
Two main points emerge from an exami- 
nation of such rocks: the higher animals 
are never found in the oldest strata, and 
the remains of certain types of life are con- 
fined to certain localities and layers. 
Further, the unfolding of the story of the 
rocks show that a gradual increase of com- 
plexity in their fossil contents occurs as 
the rock formations became more and 
more recent. At this point it will be oppor- 
tune to show diagrammatically what the 
various strata of rocks are and then to refer 
to the fossils found in them. 

It is perhaps obvious that the oldest 
strata will as a rule be found beneath the 
younger, and that these strata have been 
built up by the continuous deposit of sedi- 
ment over millions of years. These sedi- 
mentary rocks are deposited on top of 
igneous rocks which were formed by the 
cooling of the molten matter of which the 
earth was originally composed . Shrinkage 


of the earth’s surface, volcanic upheavals , 
and ice ages have all helped to make things 
difficult for the geologist by tilting and 
turning upside down and grinding down 
and cracking nice orderly layers. But with 
great patience and skill the story has been 
in part at least pieced together. The chief 
divisions of geological time are called eras, 
and each era is divided into epochs or 
periods. Most of the coal in the world, for 
example, was deposited towards the end 
of the Palaeozoic era in the Carboniferous 
epoch. The duration of each epoch is 
estimated by the thickness of the stratum 
which represents it. The relative thick- 
nesses of each era and epoch are approxi- 
mately as shown in the diagram opposite. 

Below the stratified rocks there is a mass 
of rock which appears to have been origin- 
ally sedimentary but which has probably 
been considerably altered as the result of 
pressure and heat. These pre-Cambrian 
rocks represent an immense age. If we 
date, as in the diagram, the beginning of 
the Cambrian epoch as 500 million years 
ago, the beginning of the Proterozoic era 
has been given as 1,100 millions of years 
ago. Life dawned before this, in the 
Archaeozoic era. 

Evolution of Horse 

Before we discuss the various inhabit- 
ants of the different epochs and eras, we 
may perhaps trace the evolution of the 
horse, as shown by the fossil record, since 
this provides a useful picture of an orderly 
progression from one form to another. The 
horse has a complete fossil pedigree behind 
it, extending over some forty million years. 

The comparative study of anatomy, 
which shows us that the limb of amphibian, 
reptile, and mammal, is built on the same 
plan (Fig. 43), suggests that the modern 
one-toed horse must have developed from 
an original five-toed animal, and that 
through millions of years the other four 
toes have slowly retrogressed (Fig. 44). 
The story of the rocks supports this 
assumption very neatly, and in its own 
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individual development the horse tells the 
same ancestral tale. The embryo horse has 
three distinct toes. As the embryo develops, 
the middle toe grows rapidly at the expense 
of the other two. In the adult horse these 
two toes that are left behind in the race 
appear as two small splint bones attached 
to the cannon bone. 

Horse Fossils 

The earliest fossil of a horse was found 
in the strata of the Eocene period (Fig. 45). 
This animal was much smaller than the 
modern horse (Fig. 46). It had a shorter 
neck. Its teeth had not such efficient 
grinding surfaces, necessary for grass 
eating. And it had four toes. The fifth toe 
or “thumb” was represented by a splint 
bone. This retrogression of the fifth toe 
was more complete in the hind feet. In 
both fore feet and hind feet, the middle or 


third toe was already much larger than the 
others. Throughout the Eocene period 
fossil remains show a gradual diminution 
in the importance of toes. The last of the 
Eocene horses had four toes in the fore feet ■ 
and three in the hind feet; and the side toes 
had become much smaller. 

In the Oligocene epoch the four toes o£ 
the fore feet were reduced to three; in the 
Miocene epoch, when the horse tribe 
flourished and grew in size, the three toes 
remained, but those on either side of the 
middle one became very much smaller. 
By the Pliocene epoch, though the three- 
toed horse was still to be found, the modern 
one-toed horse had made its appearance 
and the two lateral toes had been reduced 
to splint bones. 

These fossil discoveries present a clear 
and unequivocal picture of evolution 
actually in process. The purpose of the 



Fig. 44. The suggestion derived from comparative anatomy that the horse is descended from 
an animal which originally possessed five toes is home out by the evidence of fossils. The 
illustration shows a series of the feet of fossil horses in order of age , and indicates how this 
change has gradually been brought about. i y Phenacodus ( found in rocks of the Eocene 
epoch); 2, Protohippus (Eocene); J, Mesohippus (Miocene); 4, Hipparion (Pliocene); 5, Horse. 
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Fig. 45. The earliest fossil of a horse. This fossil zvas found in rocks of the Eocene epoch , tin 
first epoch in which mammals became the dominant form of life. This animal was much smaller 
than the modern horse. It had a shorter neck , and its teeth were not such efficient grinding 
weapons , which are necessary for grass surfaces. Note that it had four toes. Throughout the 
Eocene period , fossil remains show a gradual diminution in the importance of toes. The Iasi 
of the Eocene horses had four toes in the fore feet and three in the hind feet 



Fig. 46. Skeleton of a modern horse. Notice the development of the foot , the purpose of which 
was to ensure speed in running over grassy plains. The first one-toed horse made its appearance 
in the Pliocene epoch , the most recent period of the three great geological eras. 
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development of the feet was to ensure 
speed in running over grassy plains, a 
necessity if enemies were to be 
evaded. Many similar serial records of 
the gradual evolution of animal form could 
be instanced. 

Pre-Cambrian Fossils 

C. D. Walcott discovered, ten thousand 
feet below the earliest sedimentary (Cam- 
brian) rocks, fossil evidence of the exist- 
ence of calcareous algse. Above these were 
found worn trails and remains of crusta- 
cean-like creatures. Also in these pre- 
Cambrian rocks, Walcott found a bacter- 
ium. It seems clear that in the Proterozoic 
era, between 500 and 1,100 million years 
ago, life had evolved as far as most of the 
invertebrate phyla we recognize today. 
According to this evidence the evolution 
of unicellular life took place over eleven 
hundred million years ago. 

On the geological diagram (page 345) 
the early Palaeozoic era is marked as the 
Age of the Invertebrates. In the Cambrian 
epoch there were no vertebrates at all, the 
earliest possible forerunners of vertebrates 
being found in the latter part of the 
Ordovician epoch. In the Cambrian epoch 
not only were there no vertebrate animals; 


there were not even land animals. None 01 
the higher arthropods or molluscs had yet 
appeared. There were no spiders and no 
cuttle-fish. And the land was barren, for 
there were on it no plants with roots, seeds 
or flowers. The dominant living creatures 
in the Cambrian epoch were the trilobites 
(Fig. 47), primitive segmented arthropods. 
The trilobites radiated out into numerous 
species: they crawled, burrowed, swam, 
and made use of all sorts of devices for 
dealing with varying environmental prob- 
lems. Predominant then, the trilobites 
have long since been extinct. 

Sea- Scorpions 

The trilobites declined towards the end 
of the Ordovician period, being outclassed 
by their contemporaries the sea-scorpions 
or euryptcrids (Fig. 48). Traces of these 
have been found in pre-Cambrian rocks. 
But the hey-day of the eurypterids was in 
the Silurian epoch, and they attained a 
length of eight feet in the Devonian epoch. 
By the time of the Permian epoch the 
eurypterids had become extinct. They 
appear to have lived largely in fresh water. 

The true scorpions (Fig. 51), which 
appeared towards the end of the Silurian 
epoch, arc the first beasts known to have 
tried to live on land. 
The arthropods — a 
phylum which is still 
coping with life with 
conspicuous success — 
were not only the first 
to take to the land, but 
they have vigorously 
contested ever since 
every animal that has 
followed suit. We will 
not follow here the de- 
velopment of the echi- 
noderms or the molluscs 
in detail, but merely 
note that the snail put 
the final twist into its 
spiral shell at the end of 
the Ordovician epoch, 



Fig. 47. The dominant living creatures during the Cambrian 
epoch were the trilobiteSi which were primitive segmented 
arthropods ; they have long been extinct. There were during 
this epoch no vertebrates and no land animals. 



Fig. 48. Molluscs and sc a- scorpions, or eurypterids , of the Silurian epoch , the period during 
which the first land plants evolved from seaweed . Fossil traces of eurypterids have been found 
in earlier rocks but the Silurian epoch was their hey-day. They lived in fresh water , and ai 
their largest attained a length of eight feet. They have long been extinct. 



Fig. 49. The true scorpions {left, scorpion ; right , African whip scorpion ) are the first beast < 
which are known to have attempted to live on land. They appeared , according to the fossi 
evidence , towards the end of the Silurian epoch. Scorpions in various forms are still extant 
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and that those highly advanced molluscs, 
the modern cuttle-fish and octopuses, did 
not work out their destiny until the 
Mesozoic era. 

The advance on to the land had to wait 
upon a prior conquest of the soil by the 
plant world. Without the mysterious co- 
operation of chlorophyll a successful life 
cannot be led. The first land plants appear- 
ed near the end of the Silurian epoch, and 
by the middle of the Devonian epoch green 
plants with root and stem were abundant 
(Fig. 50), and the earliest forests were in 
being. The Carboniferous period was rich 
in the vegetation which, fossilized, became 
coal (Fig. 51). The true flowering plants 
did not come into existence until the early 
Cretaceous epoch. 

Flowers and Insects 

Hand in hand with the growth and 
development of the true flowers there went 
an enormous development of the insects. 
The two, so to speak, went into partner- 
ship. In exchange for a little sweetened 
water, the insects assisted the reproductive 
life of the flowers by transporting pollen 
from one to the other. Flowers have gone 
to all lengths to attract insects. One orchid 
has adopted the strange device of smelling 
like a female ichneumon fly. The male 
ichneumon fly, eternally deceived, attempts 
to mate with the orchid and in the process 
of making this attempt, he deposits 
orchid pollen on the orchid stigma. 

The Reptile Age 

The story of the rocks is too long to tell 
at length here, but something must be said 
about that fantastic era, the Mesozoic, 
between 50 and 175 millions of years ago, 
when the reptiles dominated all life and 
reached out into a wide variety of activity. 
The reptiles which survive today give no 
idea of the magnificence and pride of the 
great reptilian orders that vanished in a 
geological night. Fossil remains in Meso- 
zoic strata tell a dramatic and at times 
slightly macabre story of the insolent 


abundance and adventures of the reptilian 
giants which lorded the earth for some 
hundred million years. 

The reptile evolved from the amphibian 
and cut itself loose from the latter’s de- 
pendence upon a watery environment. Its 
tough skin, preventing loss of water, its 
shelled egg and the amnion, made its sur- 
vival certain in the circumstances attend- 
ing the opening of the Mesozoic era, when 



Fig. 50. The first land plants appeared to- 
wards the end of the Silurian epoch. The 
illustration shows a green plant called 
cordaites 3 of the Devonian epoch. 

the swamps and damp forests were being 
shrivelled by colder and drier conditions. 
The dinosaurs formed the principal land 
group. They walked mainly on their hind 
feet. Some of them hopped like kangaroos; 
others ran, employing their long tails as 
counter-balancing structures to their long 
necks. Others used their tails as a support, 
just as the sportsman uses a shooting stick. 
Some of the dinosaurs became vegetarians; 
some became carnivores and attacked their 



^ 8 * 5 1 * Animal life on land was not possible until there was a comparatively abundant plant 
life on land, since the respiratory systems of animal and plant are complementary to each 
nher. The illustration shows plants of the Carboniferous period; it was this vegetation which 
fossilized became coal. There were, however, no true flowering plants until very much later. 
k.h.b. — M 
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vegetarian brethren. The vegetarians pro- free from this entanglement and so could 
tected themselves by growing larger and run as well as fly. But one disadvantage 
developing hides resembling armour. The was common to all the Mesozoic reptiles: 
carnivores also grew larger, and grew even they had very small brains, 
more vicious teeth. They evolved increas- On the whole the climate of the Meso- 
ingly formidable modes of attack. The zoic period— or certainly of the Jurassic 
giant tyrannosaur held its head twenty feet epoch which formed part of it— was 
above ground; another dinosaur had a tail equable and warm. This was of great 
forty feet long, while its body and neck advantage to the reptiles, for they were 
extended for another forty feet in the cold blooded, that is to say their blood 
opposite direction ! varied in temperature with their surround- 

ings. They were obviously ill-equipped to 
Flying Reptiles withstand a harsh and cold climate. They 

Dolphin-shaped ichthyosaurs (Fig. 52) were restricted to the warm belt, which in 
adapted themselves to live in the water, Mesozoic times was extensive and allowed 
turning what once had been a hand into a the reptiles scope for their extraordinary 
fin. Ichthyosaurus swam about like a fish, development. Unfortunately for their 
Another aquatic reptile, plesiosaurus, possibilities of survival, towards the end 
turned its limbs into paddles. Other of the Mesozoic period the climate be- 
Mesozoic reptiles took to the air. The huge came increasingly colder and drier, 
pteranodon had a wing-span of twenty- The Caenozoic era was heralded by a 
five feet. The pterodactyl extended its cold spell for which the reptiles were 
wing — or stretched skin — between an physiologically quite unprepared, and the 
elongated little finger and its hind legs, bulk of them perished. In their place 
Other bird reptiles kept their hind limbs small creatures which had developed the 



Fig. 52. The reptiles were the dominant form of life in the Mesozoic era, between fifty and 
one hundred and seventy-five millions of years ago. They developed an abundant and astonish- 
ing variety of forms. Some of them grew to gigantic sizes ; others developed armour-like hides; 
yet others grew wings and took to the air. In the main, they were land animals. Some, how- 
ever, took to the water; the illustration shows one of these, the ichthyosaurus 
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A REPTILE MONSTER OF THE MESOZOIC ERA 
The dinosaurs , one type of which is illustrated here , were the principal group of the land- 
living reptiles of the Mesozoic era. This one is in the collection of skeletons in the Museum of 
Brussels, and is part of a group of fossilized remains found in Belgium in 1877. The dinosaurs 
walked mainly on their hind feet; some used their huge tails as a support on which they 
balanced. They attained a fantastic size; one type had a tail forty feet long , while its body 
and neck were also forty feet in length , and another held its head twenty feet high. 
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Fig- 53- The kiwi , a bird though it has no 
wings, is one of the strange creatures which 
are found in the Australian continent. 


capacity of keeping the temperature of 
their bodies at a constant level, whatever 
the conditions, began to become pre- 
dominant in the struggle for supremacy. 
A rigorous environment stimulated the 
development of the mammal. 

Rise of the Mammal 

Towards the end of the Cretaceous 
epoch marsupials were dominant among 
mammals. In their travels they spread to 
the Australian continent, which at the end 
of this epoch became separated off from the 
main land mass. This separation explains 
why Australia is today the unique home of 
the marsupial. Throughout the rest of the 
world the marsupial was open to fierce 
competition of the placental mammal, 
which had not to any extent penetrated 
into Australia. As a result the marsupial, 
with the exception of the opossum, became 
extinct on the land masses of the other 
continents, but flourished exceedingly in 


the great southern island. Australia is also 
the home of the most primitive of all living 
mammal species, the reptile-like mono- 
tremes, and there, too, one of the lung fish 
survives. In New Zealand we find the 
wingless kiwi bird (Fig. 53) and that most 
ancient reptile, the tuatara (Fig. 40). A 
relatively early geographical isolation, 
which took place some fifty million years 
ago, seems to have turned these lands into 
living fossil preserves. 

Man is a very recent arrival on the scene 
of life. During these hundreds of millions 
of years when invertebrates, fish, amphi- 
bians, and reptiles were working out the 
problems of living in the water, the air, 
and on land, man was still so much lifeless 
and formless chemistry. 

One of the major problems facing the 
first land animals was locomotion. The 
earliest amphibian (Fig. 54) developed 



Fig. 54 . Footprints of amphibians. Moving 
about was one of the major problems of the 
first land animals; they gradually developed 
rudimentary arms and legs. 
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AN ARMOUR-PLATED REPTILE 

The Stegosaurus was another of the great Mesozoic reptiles: it lived in England about one 
hundred million years ago . It was a vegetarian ; and to protect itself from its carnivorous 
neighbours it developed great plates on its back and spikes on its tail. It was twenty-five feet 
long and twelve feet high; but like the other Mesozoic reptiles, it had a small brain, the whole 
brain case being only as big as a clenched fist, in spite of the animaVs huge bulk . 
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rudimentary arms and legs, but these were 
good for hopping only, and when station- 
ary he had to support himself partly with 
his belly. The reptile tucked his legs under 
him (Fig. 55) and so got his belly clear of 
the ground. Throughout the ages an intri- 
cate specialization of limbs to various 
forms of progression then went on. The 
primitive five-fingered or five-toed limb 
underwent strange changes, becoming 
according to its possessor a wing, flipper, 
one-toed hoof, muscular clawed limb, or 
other type of appendage. 

Hand and Brain 

The monkey and man wisely kept their 
limbs from becoming entirely specialized 
for locomotion. In particular they began 
using the fore-limbs for other purposes. 
The development of man is the story of the 
simultaneous development of hand and 
brain. The hand increases the range of the 
senses. It brings objects close to the eyes, 
to the ears, to the nose. It picks out things 
to eat. With increase of power and pre- 
cision it enables its possessor to make 
things. The prehensile hand (Figs. 56 and 
57)— only possible because of its primitive 
structure; it is more like a frog’s than a 
whale’s — brought so many things to its 
possessor’s attention that a brain had to 
develop to cope with these new experiences . 


Professor Dendy has written: “So close 
is the anatomical agreement between the 
genus Homo and the higher apes that 
there is little room for connecting links 
between them, the difficulty being rather 
to find any definite characters by which 
they can be separated than to discover 
reasons for bringing them together.” Man, 
in fact, resembles the anthropoid apes— 
gorilla, chimpanzee, orang-outang — in a 
remarkably close way. Man has not a single 
anatomical feature that the anthropoid has 
not got. The apes have no tail. We both 
have nails and not claws, and the thumb 
can be opposed to the rest of the fingers. 
The teeth are closely similar and differ 
from the teeth of all other animals. The 
skeletons (Fig. 59) correspond bone for 
bone. The skulls (Fig. 58) may differ in 
shape, but the brains are exactly similar in 
design, the only difference — an important 
one— being that man’s brain is larger (Fig. 
60). The chief differences, apart from the 
size of the brain, can be attributed to the 
fact that man walks upright. 

As the anthropoid apes and man are very 
recent arrivals on the scene we cannot 
expect much help from the rocks. But 
what may justifiably be described as a link 
was found in the upper Pliocene strata in 
the island of Java. Pithecanthropus crectus , 
as this ancestor was called, was half ape, 



Fig. 55. Skeleton of crocodile. The crocodile is the largest living reptile ; the largest species is 
believed to attain a length of thirty-three feet, but there are species which do not grow to more 
than four feet. The illustration shows how reptiles contributed to the problem of locomotion by 
developing legs tucked under the body, and so raising the belly off the ground. 
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SKELETON OF APE AND OF MAN 


Man does not possess a single anatomical feature which is not also possessed by the anthropoid 
ape. There are , it is true, some differences in detail. The human skeleton lacks the excessive 
development of the jaw which is characteristic of the ape. The pelvic basin of the ape is some- 
what longer than that of man. But bone for bone, the skeletons of man and of the anthropoid 
ape correspond. Just as sprat and shark are both fish , so man and ape are both primates 
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die great Ice Age. There were two main 
ice periods when vast sheets of ice lay thick 
upon all Ireland and Scodand and England 
as far south as the Thames. The first Ice 
Age began somewhere between five hun- 
dred thousand and five hundred and fifty 
thousand years ago and was separated from 
the second by about two hundred and fifty 
thousand years. The ice sheet of this second 
age began to retract about twenty-two 
thousand years ago, the climate became 
gradually warmer, reaching its present 
stage about 5000 B.c. By this time we have 
emerged into the age of history. Civiliza- 
tion was already in its infancy. 

When it is said loosely that man has 
evolved from monkey it is not meant that 
once upon a time man was just like the 
modem ape, or that in the dim future the 
modern ape will develop into man. What 
is meant is that man and the ape have 
Fig. 56. The grasping , or prehensile , hand, sprung from a common stock. Zoologists 

iy Bones of man’s hand ; 2, bones of orang - believe that both species are descended 

outang’s hand. It was largely due to the 
power of grasping things by hand that it 
became necessary to develop a brain. 

half man. His brain was much larger than 
the brain of any living apes, and he walked 
upright like a man. A few remains of other 
extinct species of man, or of man-ape, have 
been found — at Piltdown in Sussex, in 
China, in Heidelberg, in Rhodesia. 

Forerunners 

In Neanderthal man we have a more 
recent example of an extinct species. 

Neanderthal man had no chin and very 
heavy brows, but he walked on the outer 
side of his feet as does Homo sapiens. He 
used tools and buried his dead. He held 
his own for tens of thousands of years, 
but between twenty-five and forty thou- 
sand years ago he was displaced by true 
modem man. 

The fossil remains of Pithecanthropus 
erectus belong to the Pliocene or the begin- 
ning of the Pleistocene era. This can be 
dated approximately six hundred thousand 
years ago- The Pleistocene was the era of 



Fig. 57. 1, Hand of chimpanzee ; 2, hand of 
man; 3, foot of chimpanzee ; 4 , foot of man. 
The limbs of man and ape are more primi- 
tive than in some other creatures. 
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Fig. 58. Skull formation. J, Skull of modern man ; j, skull of negro , showing projecting 
( prognathous ) jaw; 3, skull of male chimpanzee; 4, skull of male gorilla; 5, skull of orang- 
outang. Although the shapes of the skulls vary considerably , the fundamental features are 
substantially the same. The bones correspond exactly. Most important of alf the brains of 
man and of the apes are exactly similar in design , although man's brain is much larger. 
Little evidence on the evolution of man and anthropoid ape can be obtained from fossils , since 
they are such recent arrivals on the scene; but some links in the chain have been discovered 

M H.B. — M* 
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Fig. 59. Skeleton of gorilla. Notice the de- 
gree of correspondence between this skeleton 
and that of man , shown on page 4. If one 
compares these two drawings one can see how 
close is the parallel between them. Breast- 
bone and ribs , the spinal column , shoulder 
blade and collar bdne , the single bone of up- 
per arms and legs and the two bones of fore- 
arm and lower leg , the structure of the 
pelvis and of the skull, are essentially the 
same , although there are differences in detail, 
notably the relative proportions of the limbs. 


from a timid little insect-eating, tree-living 
animal, of which the creature called 
tarsius is a living example. 

So we complete, in very rough outline, 
the story of the rocks. Here we have direct 
and, to the scientist, incontrovertible evi- 
dence of evolution. Other evidence has 
been referred to. We have seen, for 
example, how often the embryo gives away 
the secret of its origin and reveals in its 
own development the evolutionary history 
of its species. 

In addition to the evidence of embryo- 
logy, there is the important evidence of 
comparative anatomy. If we compare the 
skeleton of a man with that of an ape, we 
find they tally, bone for bone. If we see a 
shark and a sprat side by side we have no 
hesitation in calling them both fish, 
although they resemble each other much 
less than do man and a chimpanzee. They 
are different kinds of fish. Man and ape are 
different kinds of primates. Vestigial organs 
provide another piece of evidence. These 
are surviving remains of structures and 
organs which were fully used in the early 
days of the development of a species, but 
which have now outlived their usefulness 
and exist only in attenuated or truncated 
form. Hair on the surface of the human 
body is one good example, the hind limbs 
of a whale another. 

Causes of Evolution 

How and why evolution takes place has 
already been referred to. We suggested that 
the majority of the reptiles became extinct 
at the end of the Mesozoic era because they 
were not equipped to meet the climatic 
changes that then took place. Changes of 
climate, scarcity of food, geological up- 
heavals, multiplication of foes, and finally 
the increasing ascendancy of man — all 
these factors have helped to extinguish or 
diminish some species and to cause others 
to increase and multiply. Darwin, in his 
Origin of Species , published in 1859, 
advanced the theory of natural selection. 
Young animals, he pointed out, tend to 
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Fig. 60. Brain of man and oj antmopoid apes, (a; Brain of chimpanzee, (iij Bum of orang 
outang. (c) Brain of man. 1, Frontal region ; 2, parietal region ; ?, occipital region ; 4 
temporal ngmn. The structure and design of the brains of these animals are exactly similar 
But there is one important difference — man's brain is larger than those of the others. It is h 
this respect that man has outstripped his fellow-primates . 

vaiy in detail from their parents. This law mental la: tors. By the interplay ox lorees 

of variation is universal, and by means of and the ceaseless experimentation which 

it Nature is enabled gradually to select Nature undertakes, there emerge from 

those individuals most fitted to survive, time to time var,ants on the them: of life 

and to stamp their successful character- which are strikingly successful, and which 

istics upon their descendants. In the con- are even sometimes able to stamp their 

stant struggle between animal and animal, own desires on the structure of their 

animal and circumstance, the less success- environment, or, at any rate, part of it. 

ful tends to go under more readily, the So far, in the history of the universe, man 

more successful to go from strength to has succeeded more fully than any other 

strength. In the process of time, this con- creature in this respect. He has been 

tinuous sharpening of life on Nature’s able, thanks to the development of his 

whetstone leads to continual change and sensory and emotional machinery, and 

to biological progress; that is, to more above all, of his brain, to a degree of 

complicated and more successful attempts efficiency unequalled in the animal king- 

at adaptation to all kinds of circumstances, dom, to overcome obstacles and to modify 

So the process of continual develop- the world in which he lives in such a way 

ment goes on. It represents a constant as to justify his claim to be, so far, the 

series of adjustments and adaptations to supreme achievement of the evolutionary 

a constantly changing set of environ- process. 
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Abducent Nerve. The nerve which 
supplies the muscles which move the 
eyeballs. 

Abduction. Withdrawal of limb from 
natural position. 

Accommodation. Adjustment of the eye 
for different distances. 

Acetabulum. The cup in which the top 
of the thigh bone rests. 

Acromegaly. Disease characterized by 
an overgrowth of the hands, feet and 
the face. 

Acromion. The triangular-shaped prom- 
inence at the summit of the shoulder 
blade. 

Adduction. Any movement whereby a 
part is brought towards another or to- 
wards the middle line of the body. 

Adenoid Growths. Overgrowth of the 
glandular tissue on the back of the 
upper part of the throat, into which 
the nose opens. 

Adrenal Glands. The glands over the 
kidneys, which secrete adrenalin. 

Adrenotropic Hormone. Hormone pro- 
duced by the pituitary gland. 

Agglutination. Clumping in the blood. 

Al^e Nasi. Wings of the nose. 

Alg/e. Forms of primitive plant life, in- 
cluding the green slimy masses on 
ponds. 

Allelomorphic. Alternative forms of the 
same characteristic. 

Alveoli. The small air sacs of the lung. 

Amino- acids. The simplest breakdown 
products of proteins. 

Amnion. The innermost membrane en- 
closing the foetus before birth; a water 
cushion within the fertilized egg which 
allows the embryo to develop in fluid 
and to be protected from pressure. 

Amniotic. Relating to the amnion. 


Am (era. A colourless, single-celled, 

jelly-like, protoplasmic organism found 
in sea and fresh water. 

Amphibians. Animals which live on 
land or in water. 

Ampulla. Dilated end of vessel, canal, 
duct. 

Ampulla of Vater. Eminence in the wall 
of the descending portion of the first 
part of the small intestine. 

Anabolism. The process by which living 
things take in matter, assimilate it and 
change it chemically. 

Anemia. Deficiency of blood as a whole, 
or deficiency of the number of red 
corpuscles. 

Anal Sphincter. Muscular ring which 
closes the anus. 

Annelids. The class of worms with seg- 
mented bodies, e.g., earthworms. 

Annular Ligament. Flexible compact 
tissue surrounding the wrist and the 
ankle. 

Antibodies. Bodies in the blood which 
neutralize hostile germs. 

Antrum. A cavity or hollow space, 
especially in a bone. 

Antrum of Highmore. A cavity in the 
bone of the upper jaw. 

Anvil Bone. One of the bones in the 
middle ear. 

Aorta. The main blood vessel of the 
body, arising from the heart. 

Apex Cordis. The apex of the heart. 

Aqueduct of Sylvius. Narrow channel 
between third and fourth ventricles of 
the brain. 

Aqueous Humour. Watery substance in 
the front chamber of the eye. 

Arachnids. The class of animals which 
includes spiders and ticks. 

Arachnoid Membrane. Delicate mem- 
brane enclosing brain and spinal cord. 
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Areola. Ring surrounding the nipple of 
the breast. 

Arteries. Vessels which convey the blood 
from the heart. 

Arterioles. Small arteries. 

Arthropods. A sub-division of the 
animal kingdom containing animals 
with segmented bodies to which hol- 
low appendages (antennae, wings, 
legs) are attached; it includes insects 
and crustaceans. 

Articulate (Joints). The manner in 
which two bones join. 

Asthma. A disease of respiration, charac- 
terized by difficult breathing and 
cough. 

Astigmatism. An error of the eye-lens, 
causing distorted vision. 

Astragalus. The ankle bone, upon 
which the shinbone rests. 

Atlas Vertebra. The first vertebra of the 
neck. 

Atrophy. Diminution m the size of a 
tissue, organ or part, the result of de- 
generation of the cells or a decrease m 
the size of cells. 

Auditory Nerve. Nerve of hearing. 

Auricles. The thin-walled upper cavities 
of the heart, which receive blood from 
the veins and lungs. 

Axilla. The armpit. 

Axillary Artery. Artery which runs 
across the armpit. 

Axis Vertebra. The second vertebra of 
the neck. 

Axon. Long process of a nerve cell. 

B 

Bacilli. Rod-shaped bacteria. 

Bacteria. Microscopic organisms which 
are the cause of many diseases. 

Bacteriophage. A primitive microscopic 
organism wjiich consumes bacteria. 

Basal Ganglia. Part of the brain. 

Basilar Membrane. A part of the inner 
ear. 

Biceps Brachii. Muscle used in bending 
and turning of the forearm. 


Biceps Femoris. A muscle at the back of 
the thigh, used in bending and turning 
the leg. 

Bicuspids. Teeth with two cusps, used 
for chewing. 

Bile. The substance secreted by the liver. 
Biochemistry. The chemistry of the 
living tissues. 

Bipolar Nerve Cells. Nerve cells 
which have two prolongations of the 
cell matter. 

Blastocyst. The hollow structure of the 
embryo. 

Blastoderm. Germinal membrane round 
yolk in impregnated ovum, which is the 
superficial layer of the embryo in its 
earliest state. 

Brachial. Relating to the arm. 

Brachial Artery. Main artery of arm. 
Brachial Plexus. A network formed in 
the neck by the union of nerve branches. 
Brachioradialis. Muscle used in bending 
the arm and turning the forearm, more 
commonly called the supinator longus. 
Broad Ligament. A fold of membrane 
extending from the womb to the pelvic 
wall. 

Broca’s Area. Part of the brain governing 
the activities of speech and writing. 
Bronchi. Main air tubes of the lung. 
Bronchial Arteries. Arteries supplying 
the tissues of the lungs with blood. 
Bronchioles. Small air tubes. 
Buccinator. A muscle of the neck. 

c 

Oecum. A blind sac, at the beginning of 
the large intestine. 

Genozoic. Relating to the third of the 
great geological periods, during which 
the animals of the mammal class be- 
came the dominant form of life. 
Calcareous. Composed of, or containing, 
lime or limestone. 

Calcis, Os. The heel bone. 

Calorie. A unit of heat, that is, the 
amount which raises the temperature 
of 1 c.c. of water 1 degree centigrade. 
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Cambrian. The first epoch of the 
Palaeozoic era. 

Canine Tooth. Eye-tooth; one of the 
four strong pointed teeth between 
incisors and molars. 

Caninus. A muscle of the face, which in 
action produces a snarl. 

Capillaries. Smallest blood vessels. 

Capsular Ligament. The sac or mem- 
braneous bag which surrounds every 
movable joint or articulation. 

Carboniferous. The sixth epoch of the 
Palaeozoic era, during which flourished 
plants which became fossilized into coal. 

Carboxy-H&moglobin. Haemoglobin 
combined with carbon monoxide. 

Cardia. i, The heart; 2, the orifice of the 
stomach near the gullet. 

Cardiac. Relating to the heart; 2, relating 
to the cardia of the stomach. 

Cardiac. Impulse. The impulse of the 
heart felt on the chest wall. 

Cardiac Plexus. A network of nerves 
connected with the heart. 

Carotid Arteries. Arteries of the neck. 

Carpus. The eight wrist bones. 

Cartilage. Firm elastic tissue; gristle. 

Catalyst. A substance which greatly in- 
creases the rate of a chemical reaction. 

Cauda Equina. The roots of the nerves 
in the base of the spine. 

Cerebellum. Part of the hindbrain. 

Cerebral Cortex. Outer layer of brain. 

Cerebral Peduncles. Narrow part con- 
necting the main portion of the brain 
with the pons, a white eminence at the 
base of the brain. 

Cerebrospinal. Relating to the brain and 
spinal cord. 

Cerebrospinal Axis. The central nervous 
system. 

Cerebrospinal Fever. An acute infec- 
tious disease with inflammation of the 
membranes enclosing the brain. 

Cerebrospinal Fluid. The fluid between 
the arachnoid membrane and the pia 
mater, two membranes which envelop 
brain* and spinal cord. 

CEREBRUM. The main part of the brain. 


Cervical. Relating to the neck. 

Cervical Plexus. A network formed in 
the neck by branches of the upper four 
cervical nerves. 

Cervix. The neck. 

Cetaceans. Aquatic mammals: dolphins, 
porpoises, whales. 

Chiasma. A crossing. 

Chitin. Horny material of which the 
shell of the lobster and other arthropods 
is composed. 

Chlorophyll. The pigment responsible 
for the green colour of plants. 

Cholesterol. A fatty substance, a con- 
stituent of bile, gall-stones, nervous 
tissue, egg yolk and blood. 

Chord ate. Possessing a notochord, or 
primitive form of backbone. 

Chorion. The outermost membrane 
enveloping the foetus before birth. 

Choroid Coat. Layer of the eyeball out- 
side the retina. 

Chromatin. Granular material of which 
the nuclei of cells are composed. 

Chromosomes. Strands of chromatin 
formed when a cell divides. 

Cilia. Hair-like processes from cells. 

Ciliary Muscle. Muscle of accommoda- 
tion in the eye. 

Circumduction. Circular movement of 
a limb. 

Circumvallate. Surrounded by a wall 
or prominence. 

Circumvallate Papilla. Protuberances 
at the base of the tongue. 

Cisterna Chyli. Elongated swelling in 
the abdomen at juncture of several large 
lymphatic vessels, forming the begin- 
ning of the thoracic duct. 

Clavicle. The collar bone. 

Clitoris. Rudimentary part of female 
genitals analogous to penis. 

Cocci. Spherical bacteria. 

Coccygeal. Relating to the coccyx. 

Coccygeal Plexus. A network of nerves 
on the back surface of the coccyx and 
tail end of the sacrum. 

Coccyx. The last bone of the spine, the 
vestigial remains of a tail. 
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Cochlea. A spiral-shaped cavity of the 
c inner ear. 

Ccelenterates. The most primitive 
many-celled animals. 

Ccelom. A body cavity between the inner 
.and outer layer of cells. 

Ccelomates. Those animals possessing a 
coelom. 

Colon. Part of the large intestine. 
Commisural Fibres. Fibres connecting 
the two hemispheres of the brain with 
each other. 

Complexus Muscle. Muscle used in 
drawing in and turning the head. 
Concha. The coiled bones of the 
nostril. 

Condyle. Rounded process at the end of 
a bone, forming part of joint with 
another bone. 

Conjunctiva. Membrane lining the lids 
and front of the eyeball. 

Connective Tissue. Fibrous tissue con- 
necting and supporting the organs. 
Convolution. A fold, twist, or coil of any 
organ, especially any one of the 
prominent parts of the brain. 
Coracobrachialis. The muscle used 
in drawing the arm forwards and 
inwards. 

Coracoid Process. Beak-shaped process 
of the shoulder blade. 

Corium. The deep layer of the skin. 
Cornea. The transparent front part of 
the eyeball. 

Corona Glandis. The ridge at the head 
of the penis. 

Coronary Arteries. Arteries of the 
heart muscle. 

Corpora Cavernosa. Bodies of erectile 
tissue forming chief part of penis. 
Corpora Quadrigemina. The optic lobes 
of the brain, four rounded eminences 
situated under the corpus callosum. 
Corpus Callosum. The broad band of 
white matter uniting the hemispheres 
of the cerebrum. 

Corpus Luteum. Yellow body formed in 
the ovary; it produces the hormone 
progestin. 
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Coppus Spongiosum. The spongy part of 
the penis encircling the canal connect- 
ing the bladder with the outside of the 
body. 

Corpus Striatum. A mass of grey matter 
extending into the cavities of the 
brain. 

Corpuscles. Cells; blood cells. 

Corpuscles of Hassall. Cells found in 
the thymus gland. 

Corrugator Supercillii. Face muscle 
used in drawing the eyebrow down. 
Cortex. Outer layer. 

Cortex Cerebri. The external grey layer 
of the brain. 

Cotyloid. Cup-shaped. 

Cotyloid Ligament. A ligament sur- 
rounding the acetabulum or cup of the 
thigh bone. 

Cowper, Glands of. Small glands situ- 
ated in front of the prostate gland. 
Cranial Fossa. Three depressions in the 
base of the skull for the reception of the 
lobes of the brain. 

Cranial Nerves. Nerves arising directly 
from the brain and leaving through a 
hole in the skull. 

Cranium. The skull. 

Cretaceous. The third and latest epoch 
of the Mesozoic era, during which the 
first true flowers appeared. 

Cretin. Deformed imbecile. 

Cribriform. Perforated like a sieve. 
Cribriform Plate. The upper perforated 
plate of the ethmoid bone in the skull, 
through which passes the nerve of 
smell. 

Cricoid. Ring-shaped. 

Cricoid Cartilage. The ring-shaped 
cartilage of the larynx. 

Cruciate Ligaments. Ligaments be- 
tween thigh bone and shin bone. 
Crustacea. The class of animals which 
includes crabs, lobsters, shrimps. 
Crystalline Lens. The lens of the eye. 
Cuboid Bone. A bone of the foot. 
Cuneiform Bones. A wedge-shaped bone 
of the wrist, and three wedge-shaped 
bones of the instep. 
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Cuticle. The outer layer of skin covering 
the body. 

D 

Decussation. A chiasma or X-shaped 
crossing, especially of symmetrical 
parts, such as nerve fibres, nerve 
tracts, or nerve filaments. 

Defecation. The emptying of the 
bowels. 

Deltoid Muscles. Muscles covering the 
shoulder, used in lifting the arm. 

Dendrites. Short processes of a nerve 
cell. 

Depressor Muscles. Muscles of the face. 

Devonian. The fifth epoch of the 
Palaeozoic era. 

Diaphragm. The muscular wall between 
the chest and the abdomen; the chief 
muscle used in breathing. 

Diastole. Interval' between heart-beats. 

Digestive Tract. The whole alimentary 
canal from the mouth to the anus. 

Digit. A finger or toe. 

Dominant Characteristics. Inheritable 
characteristics which always appear in 
the offspring if transmitted by either 
of the parents. 

Dorsal. Relating to the back or to the 
back part of an organ. 

Duct. A tube or channel, especially one 
for conveying the secretions of a gland. 

Duodenum. First part of small intestine. 

Dura Mater. The fibrous membrane 
forming the outermost covering of the 
brain and spinal cord. 

E 

Echinoderms. The group of animals 
that includes starfish and sea urchins. 

Ectoderm. The external or upper layer 
of cells in primitive animals and in the 
embryo. 

Ejaculation. The ejection of semen. 

Ejaculatory Duct. The duct which 
carries the semen into the urethra. 

Elasmobranchs. Fish which have no 
bones in their skeletons. 


Embryo. The developing foetus. 

End-bulb. The terminal bulb of a nerve 
in the skin. 

End-organ. The terminal part of a 
sensory nerve fibre. 

Endocardium. Membrane lining the 
interior of the heart. 

Endocrine Glands. Glands of internal 
secretion which pour their juices, called 
hormones, directly into the blood 
stream. 

Endoderm. Inner layer of cells in primi- 
tive animals and in the embryo. 

Endothelium. Layer of cells lining blood 
vessels. 

Entoderm. The outer of the two primi- 
tive cell layers of the embryo. 

Enzyme. A substance made in the body 
by living tissues, which speeds up the 
chemical actions which take place. 

Eocene. The first epoch of the Caenozoic 
era, during which primates appeared. 

Epiblast. The external or upper layer of 
the cells forming the embryo in the 
early stages of its development. 

Epidermis. The outer layer of skin. 

Epididymis. Small body lying above the 
testicles. 

Epiglottis. Leaf-like structure at top of 
the voice-box or larynx. 

Epithelium. Cells which form the epi- 
dermis or outer layer of the skin, which 
line all canals having communication 
with the external air, and which are 
specialized for secretion in certain 
glands, such as the liver, kidneys, etc. 

Epoch. A sub-division of one of the great 
geological periods called eras. 

Era. -One of the three great periods of 
formation of sedimentary rocks — the 
Palaeozoic, Mesozoic and Caenozoic 
eras. 

Ethmoid Bone. The sieve-like bone at 
the base of the skull, perforated for the 
transmission of the nerve of smell. 

Ethmoidal. Relating to the ethmoid 
bone. 

Eustachian Tube. Tube from ear to 
throat. 
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Extensor Muscles. Muscles used in 
stretching or extending. 

F 

Facial Nerve. The nerve which supplies 
the muscles of expression. 

Faces. Excretion from the bowel. 
Fallopian Tube. Tube running from 
ovary to uterus. 

Fascia. Thin sheath of fibrous tissue. 
Fauces. The upper part of the throat. 
Femoral. Relating to the thigh. 

Femur. The thigh bone. 

Ferment. Any substance which, in con- 
tact with another substance, is capable 
of producing changes in the latter 
without itself undergoing much change. 
Fibril. Small fibre; subdivision of a 
fibre; ultimate subdivision of root. 
Fibrocartilage. Cartilage with an inter- 
mixture of fibrous elements. 

Fibula. The slender bone at the outer 
part of the leg, joined above with the 
shin bone and below with the ankle 
bone and the shin bone. 

Fimbria. A fringe. 

Flexor Muscles. Muscles used m bend- 
ing or flexing a limb or a part. 

Fcetus. The growing embryo in the 
womb. 

Follicle. A small lymphatic gland, the 
tissue of which is arranged in the form 
of a little sac; also a small secretory 
cavity or sac. 

Follicles, Hair. The depression con- 
taining the root of the hair. 
Fontanelles. Gaps between the bones 
of the infant’s skull. 

Foramen. A perforation or opening, 
especially in a bone. 

Foramen Magnum. A large oval opening 
in the bone of the back of the skull 
through which pass the spinal cord and 
its membranes, the spinal accessory 
nerves, and the vertebral arteries. 
Foramen Ovale (of the Heart). A 
foetal opening between the two auricles 
of the heart. 

Fossa. A depression or pit. 
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Fralnum. A fold of skin or mucous mem- 
brane which checks or limits the move- 
ment of any organ. 

Frontal Bones. Bones of the forehead. 
Frontal Lobe. Part of the brain near the 
forehead. 

Frontal Sinuses. The hollow air spaces 
in the forehead above the eye sockets. 
Fundus. The base of an organ. 

Fusiform. Spindle-shaped. 

ti 

Gamete. A sex cell. 

Ganglion. A collection of nerve cells 
Gastrocnemius. Muscle of calf of leg 
Gene. A heritable factor which is carried 
by a chromosome, and is responsible 
for the transmission of heritable 
characteristics. 

Germinal. Relating to a germ or to the 
development of a tissue or organ. 
Gestation. Pregnancy. 

Glans Penis. The conical body forming 
the head of the penis. 

Glenoid. Having or resembling a shallow 
cavity or socket. 

Glenoid Cavity. Depression in the 
shoulder blade for the reception of the 
bone of the arm. 

Glenoid Fossa. Depression in the tem- 
poral bone. 

Globule. A small spherical particle, such 
as a blood corpuscle. 

Glomerule. Capillary blood vessels 
found in the kidney. 

Glossopharyngeal Nerve. The nerve 
which supplies the muscles of the throat 
and some of the muscles of the tongue; 
it also carries taste fibres. 

Glottis. Upper end of voice-box. 
Gluteus. One of the large muscles of the 
buttock. 

Glycogen. The form in which the body 
stores glucose. 

Goblet Cells. Cells found in mucous 
membranes. 

Gonadotropic Hormone. Hormone pro- 
duced by the pituitary gland and affect- 
ing the sex glands 





glands; the testicles or 

ovaries. 

Graafian Follicles. Small bodies found 
in the ovaries. 

Gustatory. Relating to the sense of taste 
and its organs. 

H 

Hematin. Iron-containing pigment. 

Hemoglobin. Combination of hsematin 
and globin in the blood. 

Hammer Bone. A bone of the middle ear. 

Hepatic Artery. Artery of the liver. 

Hermaphrodites. Creatures possessing 
the reproductive organs of both sexes. 

Hilum. A pit or opening in an organ, 
usually for the entrance and exit of 
vessels or ducts. 

Hormones. Chemical substances pro- 
duced in certain organs, which on ab- 
sorption into the blood influence the 
action of tissues and organs other than 
those in which they are produced. 

Humerus. The bone of the upper arm. 

Hydroid. Living in water. 

Hyoid Bone. A bone between the root of 
the tongue and the larynx, supporting 
the tongue and giving attachment to 
its muscles. 

Hypoglossal. Situated under the tongue. 

Hypoglossal Nerve. The nerve which 
supplies the muscles under the tongue 
and also sends branches to the muscular 
tissue of the tongue itself. 

Hypoglottis. The under part of the 
tongue. 


Ileocecal. Relating to the region ot 
junction between the small and large 
intestines in the right lower corner of 
the abdomen. 

Ileocecal Valve. A structure which 
allows the contents of the intestine to 
pass onwards from the small to the 
large intestine, and mostly prevents 
their passage in the opposite direction. 


Ileum. The lower part of the small 
intestine. 

Iliac Arteries. Arteries running from 
the aorta to the thigh. 

Iliacus. Muscle used in turning the 
thigh outwards. 

Ilium. The uppermost of the three bones 
forming each side of the pelvis. 

Incisors. The four front teeth of each 
jaw. 

Infraspinatus. Muscle attached to the 
shoulder blade, used in turning the 
arm outwards. 

. Infundibulum. The stalk of the pituitary 
gland. 

Inguinal. Relating to the groin. 

Innominate Bone, The irregular bones 
forming the sides and front wall of the 
pelvis, and composed of the ilium, 
ischium and pubis. 

Instinct. A fundamental drive or urge 
which finds release in action. 

Insulin. The internal secretion of the 
pancreas. 

Intercostal. Between the ribs. 

Interossei Muscles. Small muscles of 
the hand and the foot. 

Interstitial. Situated between impor- 
tant parts; occupying the interspaces 
of a part. 

Intestine. The part of the digestive tube 
extending from the end of the stomach 
to the anus . It consists of the small and 
the large intestine. 

Invertebrates. Animals without a spinal 
column. 

Iris. The curtain which surrounds the 
pupil of the eye. 

Ischium. Bone which forms the lower 
and hinder part of the pelvis and upon 
which the body rests in sitting. 

Islets of Langerhans. Groups of cells 
found in the substance of the pancreas; 
they produce insulin. 

J 

Jejunum. Middle part of the small 
intestine. 



Jugular Vein, External. Vein which 
carries the blood from the exterior part 
of the skull and parts of the face. 
Jugular Vein, Internal. Vein which 
collects the blood from the brain, part 
of the face and the neck. 

Jugulum. The collar bone; also the throat. 

Jurassic. The second epoch of the 
Mesozoic era, during which the first 
birds appeared. 

K 

Katabolism. The process by which 
living things break down assimilated 
matter and liberate energy. 

Keratin. The basis of horny tissues, 
hair, nails, etc. 

L 

Lachrymal Bone. Bone of eye socket. 

Lachrymal Gland. The tear gland. 

Lactation. Suckling period of supplying 
human milk. 

Lactiferous. Conveying or secreting 
milk. 

Larynx. Upper part of windpipe, hold- 
ing vocal cords. 

Lateral Ventricles. Cavities in the 
brain. 

Latissimus Dorsi. Muscle used in 
drawing the arm backwards and down- 
wards and turning it inwards. 

Leucocytes. The colourless or white 
corpuscles of the blood. 

Levator Ani. Muscle which forms the 
floor of the pelvic basin. 

Levator Muscles. Muscles used in 
raising or elevating parts. 

Ligaments. Strong bands of fibrous 
tissue which serve to bind together the 
bones entering into a joint. 

Lobe. A rounded part or projection of an 
organ. 

Lobules. Small lobes. 

Longissimus Dorsi. Muscle used in 
erecting the spine and bending the 
trunk backwards. 


Lumbar. Relating to the loins. 

Lumbar Plexus. Network formed by 
divisions of the lumbar spinal nerves. 

Lumbrical Muscles. Muscles used in 
bending fingers and toes. 

Lumbus. The loin. 

Lymph. The fluid round the tissue cells. 

Lymphatics. The vessels which convey 
lymph. 

Lymphocytes. White blood cells pro- 
duced in the lymphoid tissues and lym- 
phatic glands of the body. They form 
about twenty-five per cent of the white 
corpuscles of the blood. 

M 

Macula Lutea. The yellow spot of the 
retina; it is the point of clearest 
vision. 

Malar Bones. The two cheekbones. 

Malleolus. A part or process of bone 
having a hammer-edged shape. 

Malleus. A bone of the middle ear. 

Malpighian Corpuscles. Small whitish 
bodies found in the substance of the 
spleen. 

Mammals. Animals which suckle their 
young. 

Mammary Glands. The breasts. 

Manubrium Sterni. Part of the sternum 
or breast bone. 

Marsupials. Animals of the mammal 
class which have a pouch for carrying 
their young, including kangaroo and 
wallaby. 

Masseter. Muscle which closes the jaw. 

Mastication. The act of chewing. 

Mastoid Process. The protruding part of 
the bone of the temple which can be 
felt immediately behind the ear. 

Matrix, (i) A mould, the cavity in which 
anything is formed. 

(2) That part of tissue into which any 
organ or process is set, like the matrix 
of a tooth or of a nail. 

(3) The intercellular substance of a 
tissue. 

(4) The womb. 
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Maxilla. The bone of the upper or 
lower jaw. 

Maxillary Artery, Internal. Artery 
which supplies the nose, the throat and 
the dental sockets with blood. 

Maxillary Sinus. Cavity in the upper jaw. 

Meatus. An opening or passage. 

Meatus of Nose. One of the three pas- 
sages (the superior, the middle and the 
inferior meatus) into which the turbinal 
bones divide the nasal cavity. 

Median Nerve. Spinal nerve supplying 
muscles of the arm and hand. 

Medulla. The marrow. Also the inner- 
most parts of certain organs. 

Medulla Oblongata. The hindermost 
part of the brain at the top end of the 
spinal cord. In it are situated several 
of the most important nerve centres. 

Meibomian Glands. Little sebaceous 
glands embedded in the eyelids. 

Memerane. A thin layer of tissue sur- 
rounding a part or separating adjacent 
cavities. 

Meninges. Membranes ot the brain and 
spinal cord. 

Meningitis. Inflammation ol the mem- 
branes enclosing the brain. 

Mentalis. Muscle of the face, used in 
raising the lower lip. 

Mesoderm. The middle layer of cells in 
animals possessing three layers and in 
the developing embryo. 

Mesozoic. The second of the great geo- 
logical periods, about 50 to 175 millions 
of years ago, during which the great 
reptile monsters flourished. 

Metabolism. The total chemical changes 
which take place within the body. 

Metacarpal Bones. Bones of the hand. 

Metacarpus. Part of the hand between 
wrist and fingers, consisting of five 
bones. 

Metatarsal Bones. Bones of the foot be- 
tween the instep and the toe joints. 

Metatarsus. Part of the foot. 

METAZOA. Animals that came after the 
protozoa, or first animals. 

^Micturition. The act of passing urine. 


Miocene. The third epoch of the Caeno- 
zoic era. 

Mitral Valve. Heart valve between left 
auricle and ventricle. 

Modiolus. A bone of the inner ear. 

Molar Teeth. The last three teeth on 
each side of the jaw. 

Molluscs. The class of animals that in- 
cludes oysters, whelks, mussels and 
scallops. 

Morula. The solid mass of cells formed 
by complete segmentation of the yolk of 
an ovum. 

Motor. Concerned in or relating to 
motion, e.g., motor cells, motor centre, 
motor nerves. 

Motor End Plate. The point at which a 
motor fibre comes into contact with a 
muscle fibre. 

Motor Nerves. Nerves containing only 
or chiefly motor fibres, and designed to 
excite muscular activity. 

Mucous Membrane. Membrane lining 
cavities and canals communicating 
with the air. 

Mucus. Slimy substance secreted by 
mucous membrane. 

Musculocutaneous. Relating to or sup- 
plying the muscles and skin. 

Mutation. Change in a gene which gives 
rise to a heritable variation. 

Myelin Sheath. The sheath of a nerve. 

Mylohyoid Muscle. Muscle which runs 
from the hyoid bone to the lower jaw 

N 

Nares. The nostrils. 

Neanderthal Man. A primitive type ot 
man, who used tools and was closely 
akin to true man, but became extinct 
between 25,000 and 40,000 years ago. 

Neural. Relating to nerves or nervous 
tissue. 

Neurilemma. The sheath encasing a 
nerve fibre. 

Neuroglia. Tissue forming the basis of 
the supporting framework of nervous 
tissue. 
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Neurone. Nerve cell. 

Nissl Bodies. Fine granular bodies which 
exist in nerve cells. 

Node. A knob or swelling. 

Nodular. Composed of or covered by 
nodules, or resembling nodules. 

Nodule. A small node. 

Notochord. Cartilaginous band forming 
the basis of the spinal column; a primi- 
tive form of backbone possessed by 
some early vertebrates. 

Nucleus. Vital, central part of a cell, 
made up of a granular material called 
chromatin. 


O 

Oblique Muscles. Muscles of abdomen. 

Occiput. The back part of the head. 

Oculomotor (Nerve). The third cranial 
nerve, supplying the muscles which 
move the eyeball. 

Odontoid. Toothlike. 

Odontoid Process. Part of the neck 
bone. 

Oesophagus. The gullet. 

Oestrin. Hormone produced by the 
ovaries. 

Olecranon Process. Part of the bone of 
the forearm. 

Olfactory. Relating to the sense of 
smell. 

Olfactory Bulb. The bulbous end of the 
olfactory nerve. 

Olfactory Centre. The centre in the 
brain concerned with the sense of smell. 

Oligocene. The second epoch of the 
Camozoic era. 

Opsonin. Substance which enables white 
blood cells to destroy bacteria. 

Optic Chiasma. The union and crossing 
of the two optic nerves. 

Orbicular. Circular. 

Orbicularis Oculi. Muscle surrounding 
the eyes, used in closing the eyelids. 

Orbicularis Oris. Circular muscle used 
in closing the mouth. 

Orbit. The eye socket. 
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Ordovician. The second epoch of the 
Palaeozoic era. 

Orifice. An opening. 

Ossicle. A small bone. 

Ossicles, Auditory. A chain of -three 
small bones in the middle ear. 

Ossification. Bone formation. 

Ovary. Female sex organ. 

Oviducts. Small tube from the ovary to 
the womb. 

Ovum. A female reproductive cell; an egg 
cell in the ovary. 

Oxyhemoglobin. Oxidized haemoglo- 
bin, found in arterial blood. 

Oxyntic Cells. Cells of the glands of the 
stomach. 

P 

Pacinian Bodies or Corpuscles. Tiny 
bulbs at the end of nerves m the skin 
and subcutaneous tissue; they are the 
end organs for sensation. 

Paleozoic. The first of the great geo- 
logical periods, about 175 to 500 mil- 
lions of years ago, during which 
invertebrates and subsequently fishes 
and amphibians were the dominant 
forms of life. 

Pancreas. Gland situated at the back of 
the abdomen, which secretes digestive 
juice and insulin. 

Papilla. Small nipple-like protruberance 
in a part or organ. 

Parasympathetic Nerves. Nerves of die 
autonomic nervous system, which sup- 
ply involuntary muscle fibres, glands 
and the small arteries. 

Parathyroid Glands. Glands lying in 
the neck behind the thyroid. 
Parathyrotropic Hormone. Hormone 
produced by the pituitary gland, affect- 
ing the parathyroid glands. 

Parietal Bones. Bones of the skull cap. 
Parietal Lobe. Part of the brain near the 
skull cap. 

Parotid Gland. Salivary gland in the 
cheek. 

Patella. Knee-cap. 

Patellar. Relating to the knee-cap. 
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Pectoral Muscles. Themuscles of the 
chest. 

Peduncle. A narrow part acting as a sup- 
port. 

Pelvis. Basin-shaped cavity connecting 
the lower limbs with the spine. 

Pelvis of the Kidney. The cavity of the 
kidney, lined by mucous membrane. 

Penis. Male sex organ. 

Pepsin. Digestive ferment of the stomach. 

Pepsis. Digestion. 

Peptic Cells. Granular cells producing 
pepsin. 

Peptones. Protein substance formed by 
the action of pepsin during digestion. 

Pericardium. Fibrous sheath round the 
heart. 

Perineum. Region between the anus 
and the genital organs. 

Periosteum. Fibrous sheath round bones, 
which carries blood vessels and nerves 
for the nutrition and development of 
the bones. 

Peristalsis. Movement of the gut. 

Peristaltic. Relating to peristalsis. 

Peritoneum. Lining membrane of the 
abdominal cavity. 

Permian. The sixth and latest epoch 
of the Palaeozoic era, during which the 
reptiles began their develop nent. 

Peroneal. Relating to the fibula, or 
splint bone of the leg. 

Petrous. Stony or hard. 

Phagocytes. White blood cells which 
devour bacteria. 

Phalanges. Small bones of the fingers 
and toes. 

Pharynx. The back of the throat. 

Photosynthesis. The process by which 
plants manufacture food for them- 
selves from the carbon dioxide in the 
air and the minerals taken in at their 
roots. 

Phrenic Nerve. Nerve supplying the 
diaphragm. 

Phylum. A term used in classification 
to denote a great subdivision of the 
animal or vegetable kingdoms, e.g., the 
vertebrate or arthropod phylum. 


Pia Mater. Membrane attached to the 
surface of the brain and spinal cord. 

Pineal Body. Small stalked structure 
lying on the roof of the brain, the 
vestigial remains of a third eye. 

Pinna. The outer ear. 

Pituitary Gland. Gland at the base of 
the brain ; the most important of the 
endocrine glands. 

Placenta. The spongy organ within the 
womb to which the foetus is attached 
and by means of which it is nour- 
ished, and which is subsequently 
expelled as the afterbirth. 

Placentals. Mammals which carry their 
young to a high state of development 
inside the womb. 

Planta. The sole of the foot. 

Plantar Ligament. A band of tissue in 
the sole of the foot. 

Plasma. The fluid part of the blood, com- 
posed of scrum and fibrinogen, the 
material which produces clotting. 

Platelets. Smallest lodies in the blooJ 
—essential to ihc process of clotting. 

Piatysma Muscie Muscle of the face, 
which wrinkles the skin. 

Pleura. Lining of chest wall ani lu*rs. 

Plexus. A network of vessels or nerves 

Pliocene. The fourth and latest epoch 
of the Cacnozoic era. 

Polyps. Various types ol primitive and 
lowly-developed animals. 

Pons. A process or bridge of tissue 
connecting two parts of an organ. 

Pons Cerebelli. A broad bridge of nerve 
fibres connecting the two hemispheres 
of the cerebellum. 

Popliteal Artery. Artery behind knee. 

Popliteal Space. Hollow space at the 
back of the knee and thigh. 

Popliteus. The ham or hinder part of 
the knee joint. 

Portal Vein. Large vein leading into 
the liver. 

Premolars. Chewing teeth. 

Prepuce. The foreskin of the penis. . 

Presystole. The period of the heart’s 
pause preceding its contraction. 
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Primates. The highest and most devel- 
oped class of mammals, including 
lemurs, monkeys and man. 

Process. A prominence or outgrowth, 
usually used of a bone. 

Progestin. Hormone produced by the 
ovaries. 

Prolactin. Hormone produced by the 
pituitary gland, which stimulates 
the mammary glands to secrete milk. 
Pronation (of the hand). Turning the 
palm downwards. 

Pronator Quadratus. Muscle of the 
arm, used in turning palm downwards. 
Pronator Radii Teres. Another muscle 
of the arm, used in turning the hand. 
Prosecretin. Substance found in the 
cells of the first part of the small 
intestine, which plays an important 
part in digestion. 

Prostate Gland. Male sex gland, lying 
at the neck of the bladder. 

Proteins. Complex chemical substances 
containing mainly nitrogen, carbon, 
hydrogen and oxygen. 

Proterozoic. The period before the 
beginning of the first great geological era . 
Protoplasm. The material constituting 
the essential substance of living cells, 
upon which all the vital functions of 
nutrition, secretion, growth, repro- 
duction and mobility depend. 
Protophyta. The simplest forms of 
plant life : the first plants. 

Protozoa. The simplest forms of animal 
life : the first animals. 

Psoas. Muscle running from the region 
of the loin through the pelvis to the 
upper end of the thigh bone. 

Ptyalin. A substance found in saliva, 
which converts starch into sugar. 
Pubis. Bone which forms the front part 
of the pelvis. 

Pulmonary. Belonging to or affecting 
the lungs. 

Pus. Thick, white, yellow, or greenish 
fluid formed in abscesses, on ulcers, 
and on inflamed and discharging 
surfaces. 


Pylorus. The lower or right opening 
of the stomach, through which the 
softened and partially digested food 
passes into the small intestine. 
Pyramidal Tract. Tract of nerve cells 
from brain to spinal cord, along which 
the impulses governing movement 
travel. 

Pyramids, Renal. Little conical prom* 
inences of kidney tissue, which make 
up the inner part of the kidney. 

R 

Radial Artery. Artery of the wrist. 
Radial Nerve. Nerve supplying the 
muscles of the back of arm and fore- 
arm, and the skin of the back of the 
hand. 

Radius. Bone of the forearm. 

Ramus. A branch, especially of a vein, 
artery or nerve. 

Ramus Communicans. A branch of a 
spinal nerve. 

Recessive Characteristics. Inheritable 
characteristics which will appear in the 
offspring only if transmitted by both 
parents, and will otherwise remain 
latent. 

Rectum. Last part of the large intestine. 
Rectus Abdominis. A muscle of the 
abdomen. 

Reflex Arc. The nerve mechanism 
responsible for reflex action. 
Regurgitation. A back-flow of blood 
through a defective heart valve. 
Renal. Relating to the kidney. 

Rennin. The milk-curdling enzyme of 
the gastric juice. 

Retina. The innermost and light-sensi- 
tive coat of the eyeball. 

Rhomboid Muscles. Muscles attached 
to the shoulder blade. 

Risorius. Laughing muscle. 

S 

Saccule. Small chamber in the central 
part of the inner ear. 
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Sacral. Relating to the sacrum. 

Sacro-iliac Joint. Joint of the pelvis. 

Sacro-ischial Joint. Joint of the pelvis. 

Sacro-spinal. Relating to the sacrum and 
the spine. 

Sacrum. Lower part of the backbone 
between the bones of the loin and the 
coccyx. 

Salivary Glands. The six glands, 
situated three on each side of the 
mouth, which secrete saliva. They in- 
clude the parotid, the submaxillary 
and the sublingual glands. 

Salivation. The production of saliva by 
the salivary glands, excited by the 
taste, smell or thought of food. 

Saphenous Nerve. Nerve supplying the 
skin of the leg and foot. 

Saphenous Veins. Veins of the leg and 
foot. 

Sartorius. The “tailor’s muscle” used 
in bending and crossing the legs. 

Scalene Muscles. Muscles used in 
bending the neck. 

Scaphoid Bone. Boat-shaped bone of the 
foot and of the hand. 

Scapula. The shoulder blade. 

Sciatic Nerve. Nerve of the hip, which 
supplies the muscles of the thigh, leg 
and foot. 

Sclerotic Coat. The firm, fibrous outer 
membrane of the eyeball. 

Scrotum. Bag holding the testicles. 

Sebaceous Glands. Glands which secrete 
oily matter. 

Sebum, The oily secretion of the sebaceous 
glands. 

Secretin. Internal secretion of the first 
part * of the small intestine which 
stimulates the action of the pancreas. 

Sedimentary Rocks. Rocks formed in 
layers, or strata, by the deposition of 
sediment. 

Segment. Any of the parts into which a 
body naturally separates or is divided 

Segmentation. The process of cleavage 
or division. 

Semicircular Canals. Part of the inner 
ear concerned with balance. 


Semi-lunar Cartilages. Two cartilages 
of the knee. 

Semi-membranosus. Muscle used in 
bending the leg and turning it 
inwards. 

Seminal. Relating to the semen. 

Seminal Vesicles. The little sacs at the 
base of the bladder which hold the 
semen. 

Seminiferous. Producing or carrying 
semen. 

Semi-tendinosus. Muscle used in bend- 
ing the leg on the thigh. 

Sensory. Relating to or conveying 
sensation. 

Sensory Decussation. The crossing of 
sensory fibres in the brain. 

Septum. A partition ; a division wall. 

Septum of the Nose. The partition 
between the two nasal cavities. 

Serous. Relating to or producing 
serum. 

Serrati. Muscles which are attached to 
the ribs and assist respiration. 

Serum. The fluid which separates from 
blood, lymph, and other fluids of the 
body when clotting takes place in 
them. 

Sessile. Stationary. 

Sheath. Coverings of arteries, muscles, 
nerves, etc. 

Sigmoid Flexure. The part of the large 
intestine immediately above the rectum 
which is freely movable and hangs 
down into the pelvis. 

Silurian. The third epoch of the 
Palaeozoic era, during which the first 
land animals appeared. 

Sinus. Cavity of bone or tissue. 

Sinusitis. Inflammation of a sinus. 

Solar Plexus. A network of sympathetic 
nerves and ganglia, situated behind the 
stomach. 

Soleus. A flat muscle of the calf, used 
in extending the foot. 

Somatic. To do with the body. 

Spasm. A sudden, involuntary contrac- 
tion of a muscle or of a hollow organ 
with a muscular wall. 
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Spermatic Cord. The cord of the 
arteries, veins, lymphatics, nerves, and 
the excretory duct of the testicles, 
passing from the testicles to the 
abdominal cavity. 

Spermatozoa. Male reproductive cells. 

Sphenoid Bone. Bone at the base of 
the skull. 

Sphenoidal Sinus. The air-space in the 
sphenoid bone, communicating with 
the nasal cavity. 

Sphincter. A circular muscle which 
surrounds the opening of an organ, and 
by maintaining constantly a state of 
moderate contraction prevents the 
escape of the contents of the organ, 
e.g., the anal and pyloric sphincters. 

Sphygmograph. An instrument for re- 
cording graphically the features of the 
pulse and variations in blood pressure. 

Sphygmomanometer. An instrument for 
measuring blood pressure. 

Spinal Accessory Nerve. The motor 
nerve to some of the neck muscles. 

Spinal Nerves. The thirty-one pairs of 
nerves arising from the spinal cord. 

Spinalis Dorsi. Muscle used in erecting 
the spinal column. 

Splanchnic. Anything belonging to the 
internal organs of the body as distinct 
from its framework. 

Spleen. Ductless gland situated on the 
left side of the abdomen. 

Stenosis. Constriction or narrowing, 
especially of a channel or an opening. 

Sternomastoid Muscles. Muscles each 
side of the neck. 

Sternum. The breast bone. 

Stirrup Bone. A bone of the middle ear. 

Striated Muscles. Muscles consisting of 
striped, or voluntary, muscular tissue. 

Subarachnoid. Beneath the arachnoid 
membrane, one of the membranes 
enclosing the brain and spinal cord. 

Subarachnoid Space. The space between 
the arachnoid membrane and the pia 
, mater, which is attached to the brain 
and spinal cord. It contains the cere- 
brospinal fluid. 
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Subclavian Artery. Artery running 
from the main artery of the body to 
the artery of the arm pit. 

Subcutaneous. Beneath the skin. 
Sublingual Gland. Salivary gland 
beneath the tongue. 

Submaxillary Gland. Salivary gland 
beneath the lower jar. 

Submucous. Situated beneath a mucous 
membrane. 

Supination (of the hand). The turning 
of the palm upwards. 

Supinator Brevis. Muscle of arm, used 
in turning the palm of the hand 
upwards. 

Suppuration. The formation of pus. 
Supraorbital. Above the eye sockets. 
Suprarenal Glands. Glands on top of 
the kidney which secrete adrenalin ; 
also known as suprarenal capsules, or 
adrenal glands. 

Sustentaculum. Part of the heel bone. 
Sympathetic Nervous System. A system 
of nerves forming a chain from the 
skull to the end of the spinal column 
supplying thi interior organs and blood 
vessels. 

Symphysis. The line of junction of two 
bones. 

Synapse. The junction between the 
nerve cells by means of which nerve 
impulses pass from one to another. 
Synovial Membrane. Layer of fibrous 
tissue lining a joint. 

Systole. Contraction of the heart and 
arteries ; the systole alternates with the 
resting phase, called the diastole. 

T 

Tarsus. The instep, consisting of the 
calcaneous, astragalus, cuboid, sca- 
phoid and cuneiform bones.' 

Tarsus of the Eye. The cartilage of the 
eyelid. 

Taste-Buds. Cells, shaped like buds, in 
the tongue. 

Teleosts. Fish which possess a bony 
skeleton. 
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Temporal Artery. An artery of the head. 

Temporal Bones. Bones forming the 
“temple” of the skull. 

Temporal Lobe. Part of the brain. 

Temporal Muscle. Muscle used in 
bringing the front teeth together. 

Tendon. A band of dense, fibrous tissue 
forming the termination of a muscle 
and attaching it to a bone. 

Teres Ligament. A round, fibrous cord 
attached to the head of the thigh bone. 

Teres Major. Muscle used in drawing 
the arm down and back. 

Teres Minor. Muscle used in turning 
the upper arm. 

Testes or Testicles. Male sex glands. 

Testosterone. Internal secretion of the 
testes. 

Thalamus. A mass of grey matter at the 
base of the brain. 

Thoracic. Relating to, or situated in, 
the chest. 

Thoracic Duct. Large lymph vessel 
which collects the contents of the 
lymphatics proceeding from the lower 
limbs, the abdomen, the left arm, and 
left side of the chest, neck and head. 

Thoracic Nerves. Nerves running round 
the chest wall in grooves beneath the 
ribs and supplying the muscles between 
the ribs. 

Thorax. The chest. 

Thymus. A gland in the neck below the 
thyroid gland. 

Thyroid Cartilage. The largest of the 
cartilages near the larynx. 

Thyroid Gland. A gland in the neck 
concerned with normal growth. 

Thyrotropic Hormone. Hormone pro- 
duced by the pituitary gland and 
affecting the thyroid. 

Thyroxine. The hormone produced by 
the thyroid gland. 

Tibia. The>shin bone. 

Tibial, Anterior (Muscle). Muscle of 
the leg, which flexes, the ankle. 

Tibial, Posterior (Muscle). Muscle of 
the leg, which extends the ankle. 

Trachea. The windpipe. 


Trapezius. A muscle of the necK and 
back, used in drawing the head 
backwards. 

Triassic. The first epoch of the Mesozoic 
era. 

Triceps Brachialis. Muscle used in 
extending the forearm. 

Tricuspid Valve. Valve of the heart, 
guarding the passage from right auricle 
to ventricle. 

Trigeminal Nerve. The fifth cranial 
nerve ; it supplies the skin and 
structures of face, tongue and teeth. 

Trochanter. Process of bone at the 
upper end of the thigh bone. 

Trochlear Nerve. The fourth cranial 
nerve ; it supplies the muscles used 
in moving the eyeballs. 

Trophoblast. Layer of cells in the 
fertilized ovum, concerned in the 
nourishment of the embryo. 

Trypsin. Digestive ferment of the pan- 
creas, which acts on proteins. 

Tuberosity. A protuberance on a bone. 

Tuberosity, Ischial. The thick down- 
ward projection of bone on which the 
body rests in sitting. 

T ubules . Minute, tube-shaped structures . 

Turbinate Bones. Coiled bones in the 
nose. 

Turkish Saddle. Part of the skull, 
enclosing the pituitary gland. 

Tympanic Membrane. The ear drum. 

Tympanum. The middle ear. 

u 

Ulna. The bone on the inner side of the 
forearm. 

Ulnar Artery. Artery of the forearm. 

Ulnar Nerve. Nerve supplying muscles 
of the shoulder joint and wrist joint, 
and the skin of the little finger. 

Umbilical Cord. Cord connecting foetus 
and placenta. 

Umbilicus. The navel. 

Unguiculates. Clawed mammals includ- 
ing rabbits, rats, cats, dogs, seals, 
walruses. 
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Ungulates. Hoofed mammals, including Vena Cava, Inferior. Main vein of 
horses, pigs, deer, elephants. lower part of the body. 

Unstriated Muscle Tissue. The un- Vena Cava, Superior. Main vein of the 


striped, or involuntary, muscular tis- 
sue, composed of spindle-shaped muscle 
fibres. 

Uremia. Condition of poisoning from 
kidney failure. 

Urea. Waste product formed from un- 
used amino-acids by the liver. 

Ureter. Tube conveying the urine from 
the kidney to the bladder. 

Urethra. Canal from bladder to the 
outside of the body, through which 
urine is discharged. 

Uric Acid. Substance found in urine. 

Uriniferous Tubules. Tubules of the 
kidney. 

Uteri, Os. Mouth of the womb. 

Uterus. Womb. 

Utricle. Small chamber in the central 
part of the inner ear. 

Uvula. The conical appendix hanging 
from the soft palate in the mouth. 


V 

Vagina. Canal leading from the womb 
to the surface of the body. 

Vagus Nerve. The tenth cranial nerve 
supplying most of the internal organs. 

Vallate Papilla. Small protuberances 
on the tongue. 

Variation. A change in the form of an 
individual or group which may or may 
not be heritable by the offspring. 

Vas Deferens. Duct carrying sperm from 
testicles to urethra. 

Vascular. Consisting of, relating to, or 
provided with vessels. 

Vaso-constrictor. A nerve which causes 
constriction of blood vessels. 

Vaso-dilator. A nerve which causes 
dilatation of blood vessels. 

/aso-motor Centre. Nervous centres in 
the spinal cord and the part of the brain 
adjoining it. 


upper part of the body. 

Ventricle. A small cavity or pouch. 

Ventricles of the Brain. Cavities in 
the interior of the brain, comprising 
the two lateral ventricles, the third, 
fourth and fifth ventricles. 

Ventricles of Heart. Two of the four 
compartments into which the heart is 
divided, by means of which the blood 
is circulated through the body. 

Vertebra. Bones forming the spinal 
column, or backbone. 

Vertebrates. Backboned animals. 

Vesicle. A small bladder; a small sac 
containing fluid. 

Vibrissa,. Hairs of the nostrils. 

Villus. One of the minute club-shaped 
projections from the mucous mem- 
brane of the intestine. 

Virus. A substance produced in the 
body as the result of some disease. 

Viscera. Any of the organs enclosed 
within the skull, the chest, the abdomen 
or the pelvis. 

Vitreous Humour. Transparent, jelly- 
like substance in the posterior chamber 
of the eye. 

Vomer. A bone of the nose. 

Vulva. External opening of vagina. 


X 

Xerophthalmia. Inflammation of the 
eyes, which in severe cases may result 
in blindness. 


z 

Zygomatic Process. Bone protuberance, 
forming prominence of the cheek. 

Zygomaticus. Muscle of the face leading 
from zygomatic process to lip. 

Zygote. The result of the union of two 
sex cells. 



Abdomen, 6 , 81 
Abdominal muscles. 86, 86 
Abducent nem, 188 , 184-185, 185 
Abduction. 41, 54. 57 
Abscess, 112 , 

Accessory nerve, 183 , 184-185, 185 
Acetabulum, 16, 20 , 53 , 53-54 
Acbilles; Tendon of, 17, 55 , 60, 60 
Acidosis. 139 
Aone, 166 

Acquired characteristics. Inheritance 
Of. 297-299 
Acromegaly, 218 
Acromion process, 12 , 13 
Adam’s apple 146, 148 
Addison's disease, 215 
Adduction. 42, 54. 57 
Adductors 55, 56 
Adenoid growths, 147 
Adenoid tissue. 116, 144 
Adrenal gland, 101 
Adrenalin. 103, 208, 214 
Afterbirth, see Placenta 
Agglutination, 104 
Aggression, 282-283 
Air tubes, 150 
Albumen, 102, 234 
Alcohol, 162-163 
Algae, 307-308, 308 . 350 
Alveoli. 143. 148, 150 
Amino-adds, 128, 130, 141 
Amnion, 338 

Amniotic cavity, 267, 268 
Amcebu, 5, 97-98, 172, 309, 310-311, 
310-313 

Amphibians. 6, 15, 335-330, 356, 356 
Amphioxus, 5, 328-329 
Ampulla. 254, 254 
Amylase, 127 
Anabolism. 304 
Anaemia, 95, 159 
Anal canal, 113 
Anal sphincter, 38, 133, 137 
Anatomy, Comparative, 343, 344, 347, 
362 

Anger. Effects of, 205-207 
Animals, Lile process of, 307 
Origin oi. 304 

Ankle Joint, 16. 17. 23. 60, 60-62 
Annelida, 318 

Annular ligament. 43, 45, 63 
Anteater. Spiny, 296. 297. 341 
Antibodies. 09 
Antrum. 145 
Ants. 325 
Anus, 137, 260 
Anvil bone, 251, 252, 253 
Aorta. 38, 71. 72, 72. 75. 78. 82, 82. 
86, 88, 90. 93, 94, 94, 96, 151, 153. 
226-227 

Apes, relation to man. 300-301, 358, 
360-361 

Aponeurosis, 43 
Appendicitis, 131 
Appendix, 90, 114, 131 , 134 
Aqueduct of Sylvius, 175, 186, 186, 190 
Aqueous humour, 245 
Arachnida.327. 322 
Arachnoid membrane. 190, 190-191 
Arch Of foot. 62-64, 71 
Archaeopteryx. 339-341, 346 
Areola, 270 

Arm, Blood circulation ot, <!L 
Lymphatic system of. 112 
movements, 40, 41 
muscles, 42, 47 
Nerves of. 202-203 
Arms. 12 

Arteries, 72, 72. 75 , 76. 82-86, 98 
Arterioles. 76. 101, 165 
Arthropods 318. 320-323, 325-826. 
850 

Artificial respiration, 250, 157 
Asexual reproduction, 258 
Association fibres, 178-179 
Asthma, 159 
Astigmatism. 249 
Astragalus, 17. 22 , 60, 61 , 62 
Atlas. 6. 9. 18 
Auditory meatus, 252 
Auditory nerves, 183 . 184-186, 185 , 
189, 198 . 261 , 252 


_ 72 - 73 , 72-76, 78-79, 82 . 90/ 

04, 94 , 96 
Auricular artery, 85 
nerve, 198 , 201 
Auricular vein, 91 
Awareness, 277-278 
Axilla. 83 

Axolotl, 336 . 339 

Axons, 176-178, 177-178. 196-197, 199 


Bacilli. 304 

Back, Muscles of, 33, 43-44 

Backbone, 6. 7, 8, 19 

Bacteria. 302, 303, 304, 305. 307 

Bacteriophages, 302 

Balance, 188-189, 253-255 

Balanoglossus. 829-331 

Basal ganglia, 181-184 , 181 

Basilar membrane. 252, 254 

Beating of heart. 73. 75-76. 95. 99-100 

Behaviourists, 276-277 

Biceps, 37. 40, 40. 42, 45. 47. 55-56. 59 

Bicuspids, nee Premolars 

Bile. 128, 130, 141 

Bile duct. 90. 123, 126. 127, 128, 133, 
226 

Bladder, 36. 227, 227.229, 229. 260. 263 
Blastocyst, 267, 268 
Blind spot, 242, 247 
Blood, 69-104, 70 
Circulation of. 69-72. 77, 210 
Colour oi. 05. 97. 155, 157-158 
Composition oi, 103 
Direction oi flow, 72-73 
groups, 104 
Nature of, 95-99 
oi animals, 97. 97 
Oxygen in. 154 
pressure. 79-82, 94 
Punxwes ot, 155-150 
rate of flow, 78-79 
Temperature of. 162 
transfusion, 104 
Bloodletting, 80 
Bodo, 311-312 
Bolus. 120-121 
Bones, 4, 5-30 
Brachial artery, 82, 83 
plexus, 200-201 
Braduahs, 37, 42. 45, 47 
Bradnoradialis, 45 

Brain, 6. 22. 24, 173-190, 174-176, 181- 
183, 195, 278, 363 
Arteries of, 87 
and mind, 273-274 
Breast tone, 6. 8. 10, 10-11. 11, 15. 
Breasts. 112, 270 
Breath, Shortness of, 168-159 
Breathing. 8, 11, 38-89, 142-169 
m fishes, 334 

Nerves concerned in, 200, 201 
Breeding, Selective, 284 
Bridge of nose. 143. 143, 237, 238 
Broca's area, 180 180 
Bronchi, nee Bronchial tubes 
Bronchial arteries, 86 
tidies, 143, 148, 149-151, 153 
Bronchioles. 143. 148 
Bronchitis. 159 

Buccinator, 115, 118. 119, 120 . 121 

Buffer salts, 103 

Buttock muscles. 55-56, 67 


Caecum, 131-133, 134 
Caesarean section, 16 
Calf muscles, 61-62. 61 
Calories, 135, 162 
Canines. 30. 116-117. 117 _ 

Capillaries, 69, 72, 74-75, 76, 77, 78-79, 
101, 105 

Capsular ligaments, 34, 40 
Carbohydrates, 113, 120. 130, 133-135, 

Carbon^ dioxide, 72, 134, 153-159, 211. 
304 

Cartoxy-hsBmoglobin. 97 
Cardiac plexus, 206, 208 
sphincter, 114 , 123 


Carotene, 187 

Carotid arteries, 72, 82 , 88. 85 . 86. 87 , 

Carpal bones. 14. 16, 46 
Carpus, 14, 17, 48 
Cartilage, 9-11, 10, 23, 29-30 
nasal. 143. 237. 238 
Cauda equina, 196 , 197 
Cell membrane, 5 
Cells. 72, 102. 309 
Blood, see Corpuscles 
Division of, 258-260. 26b 
Endothelial. 74. 75. 76 
Germ, 315 
Cellulose. 138 

Cerebellum, 22, 87, 175. 175-176, 1S-- 
183, 186, 188. 188 
Cerebral arteries, 87 
hemispheres, 174-175, 175, 178, 179, 
180-181. 181, 274 
peduncles, 184, 185, 180 
Cerebrospinal fever, 190 
fluid, 189-190 
Cerebrum, 176 
Cervical tones, 6, 6, 9 
ganglion, 206 
nerves, 196, 206 
plexus, 200-201 
Character. 274, 284. 299 
Cheek tones, 23, 25, 27 
Cheeks, 115 
Chemistry of life, 302 
Chest, 8, 10, 11, 149, 153 
Chimpanzee. 343, 347, 351, 363 
Chitin. 321 

Chlorophyll. 304-307. 309, 352 
Cholesterol, 130 
Chordates, 329 
Cbonon, 341 

Choroid, 242. 246, 246-247 
Chromatin, 289, 310, 312 
Chromosomes, 289-290, 289-294 
Chyme, 126-128 
Cilia, 145, 312 
Ciliary body. 242. 245 
musde, 245, 246-247 
Circulation, 70, 71, 77, see also Blood 
Foetal, 94, 96 
and emotion, 101-102 
and temperature, 102 
Variations in, 99-100 
Circulatory system. 71 
Circumvallate papillae, 117. 118, 235 
Cistema chyli. loM08, 109 
Classification of animals, 314, 34 J 
t lavide, 4, 7. 12. 35, 39 
Clitoris, 266 
Clotting of blood. 98-99 
Coal, 352. 353 
Cocci, 304 
Coed diiun, 312 
Coccygeal bones, 6 , 6 
nerve. 196 
plexus, 200, 205 
Coccygeus. 38 
Coccyx, 6 

Cochlea, 251, 252, 253-254 
Ccelenterates, 314-315. 317-318 
C'celom, 318 
Ccelomatcs, 318 
tuition, 265 

Collar tone, 7. 8, 10, 12, 12. 13, 35 
Colic veins. 90 

Colon, Ascending, 90, 114, 122, 130, 

132, 134 

Descending, 90, 114, 122. 130, 182- 

133. 134, 137 
Pelvic. 137 

Transverse, 90, 114, 122, 130, 132- 
133. 134 

Complexus, 33, 35 
Conchse. 145 

Conditioned reflexes, 276-277, 277 
Conductivity. 172 
Condyles, 14, 16, 21, 26. 58 
Conjunctiva, 243 
Connective tissue, 68 
Consciousness, 171, 178, 280-284 
Constipation, 182, 138 
Contractile fibre, 75 
Convolutions, 178-179 
Coracobrachlalis. 40-41, 40, 47 
Coracoid process, 13. 73. 15, 40 



Corals, 317 

Coriuin. 119, 165, 166,’ 167 
Cornea. 242, 244 
Coronary arteries, 82. 82, 94 
vein, 94 

Coronoid bone, 28 
Corpora cavernosa. 264 
Quadritremina. 186. 189 
Corpus callosum, 180. 181-182 
luteum, 218-220 
spongiosum, 264 
striatum, 181, 182-183 
Corpuscles. Blood, 95. 95, 97. 97-98 . 99 
CorruKator, GO, 68 

Cortex, cerebrai, 178. 179-180, 184, 

of kidney, 228, 230, 231-232 
Cortln. 215 
Cos tabs, 33 

Cotyloid ligament, 53, 53 
Coughing, 150 
(X)wper. Glands of, 263-204 
Cranial nerves, 184. 185. 187, 198, 200 
207. 209 

Cretins, 212-213, 213 
Cribriform plates. 19, 26 
Cricoid cartilage. 146, 148. 149 
Crocodile, 358 
Cro-Magnon man, 29 
Crustacea. 322 
Culxnd lx>ne. 17. 22, 23 
Cuneiform bones. 16-18, 17. 22-23 
Cuticle. 165 
(Cuttlefish. 326, 352 
Cyanosis. 158 


D 

Daydreams, 281 
Deincation, 133 

Deltoid muscle, 35, 37, 40, 41, 42-43, 
47 

Dendrites, 170-178. 177-178 
Dental canals, 30 
foramen, 30 

Depressor muscles, 6C-H7, 67 
Diabetes, 103, 139, 141. 211, 218, 234 
Diaphragm, 38. 38, 149-150, 152, 152, 
200 , 201 
Diarrhoea, 233 
Diastole. 73, 75-76. 78 
Diastolic pressure, 80-81 
sound, 70 
Diet, 135, 139 
Digestive system, 113-141 
tract. 113, 114, 122, 134, 136 
Dinosaurs, 352-354. 355 
Dogfish, 332, 332-333 
Dominant, characteristics, 288 
Dorsal bones, 6, 0, 9-10 
Dorsal nerves, 196 

Dorsal root ganglia, 173, 196-197. 197 
Drosophila. 290-292, 290 
Ductless glands. 211-221, 219, 273-274 
Duodenum, 90, 114, 122-123, 126, 127, 
130, 133-134, 210, 226 
Dura mater. 190, 190-191 
Dwarfism, 218 
Dyspnceu. 157-159 


E 

Ear. 250-255, 250-255 
Earhole, 20. 27 
Ear muscles, 68 
passages, and gill slits, 332-333 
Earth, Age of, 342-344 
Origin of. 301 
Earthworm, 318, 319 
Echinoderms, 326-328, 328, 331 
Ectoderm, 267, 268-269. 315-316 
Ejaculatory ducts, 263, 263-264 
Elasmobranchs. 332 
Elbow joint, 13, 15. 42. 45. 45-46 
Embryo. 172-173, 173-174. 266-269 
271 , 332 

Embryonic plate, 172, 173 
Emotions, 101-102 
and breathing. 157 
and nerves, 205-207 
End organs. 197, 199, 199 
Endocarditis, 74 
Endocardium, 74 

Endocrine glands, 141, 211-221, 921 
Endoderm, 267, 268. 315 
Environment. 293-299 
and Character, 284, 299 
Internal, 102-103 
Enzymes. 115, 126-128. 304 


EpicondyJe, 14 
■Epidermis, 165, 165, 167 
Epididymis, 268, 263 

m **• m 

Epietaxis. 145 
Epithelium, 108 

Ethmoid bone, 19-20, 25, 26-27, 238, 

Ethmoidal sinuses, 144, 145. 239 
Eurypterids. 350, 351 
Eustachian canal. 250. 251-252 
tube, 116, 146 
Evolution. 301-363 
Exhalation. 143. 153 
Exposure, in alcoholics, 162-163 
Expression. Muscles of. 64-68. 66 
Extensor muscles, 47, 48. 50. 56. 61 
61, 63 

Eye, 174, 242-248, 243-249, 283 
Effect of emotions on. 205 
Eyeball. Muscles of, 186-187. 246 
Evebrow ndges, 19. 25, 243 
Eyebrows, 243. 244 
Eyelashes, 243 
Eyelids. 243-244. 244 
Eve imiHcles. 67-68 
swkets, 19, 23. 25, 27. 28, 243 
Eye-teeth, see Canines 


F 

Face, 22-23, 26-27 
Arteries of. 85 
J emphatic system of. 111 
Muscles ol. 66 . 67 
Veins ol. 91 
Facial canal, 251 
nerve, 183. 184-185. 185 
Fieces, 223 
Fainting, 101 

Fallopian tubes. 260-261, 261 

Fascia, 32 

Fat, 68. 108, 141 

Fats. 113, 128, 13(1, 134-135. 138, 141 
Fear, Effects of, 205-207 
Female organs, 259. 261 
Femoral artery, 86, 89 
nerve, 203. 204-205 
vein. 86. 89 

Femur, 4. 7, 16, 21. 53-55, 57-58, 60. 60 
Ferments. 304 
Fibres, Muscle, 31, 32 
Fibroeartiluge. 9. 16. 34. 46. 68 
Fibula, 4, lb. 17, 20 
Fimbme. 261 
Fingers, 14. 48, 50, 62 
Fishes. 12, 22. 23. 224, 332-334, 332-335 
Fission, 310-313 
Fissure of Rolando, 179. 179 
Fissure of .Sylvius. 179, 179 
Fissures of brain, 179 
Flagella, 314 
Flagellates. 306, 307 
Flat foot. 64 
Flat worm, 317, 318 
Flexion, Muscular. 32. 40. 60. 62 
Flexor muscles, 47. 48. 49. 50. 50, 
61-62, 63 

Floating rilw, 10. 12 
Foaming at mouth. 205 
Foetus, see Embryo 
Follicles, 166. 169, 169-170. 197 
Fontanelle, 30 
Food, 133-141. 136 
Foot. 17. 22-23, 62, 63, 04. 357 
Foramen caecum, 26 
magnuin, 18, 20, 26 
mentalc, 28 
ovule. 94-95, 96 
Foraminifera. 307. 308. 344 
Forearm, 13, 15, 46. 48 
Forebram. 174, 174-176 
Forehead, 19 
Foreskin, 264 

Forward direction, Law of, 178 
Foss®, Nasal, 143, 287, 237 
Fossils. 342-352, 346-349, 351-353 
Frteimm, 264 
Freckles, 167 
Freud, 8 . 280-284 
Frog, 225, 335-330, 337-338. 343 
Frontal bone. 18-19, 23. 25, 27 , 238, 
243 

lobe, 22. 179-180. 179, 183, 184 
sinus, 144-145, 145 
Frontalis muscles, 66, 68 
Fundus. 123, 126 


& 

Fungi, 309 
Funnybone. 203 


Gall bladder, 90. 114, 122, 127. 130 
„ 130, 133 , 226 

Ganglia, 178. 181. 1$1. 207 
Gas bladder, see Svtdra bladder 
Gastric artery, 88 
Juice, 125-126 
mill, 321 

Gastrocnemius, 55, 60. 61, 61 
General paralysis of the Insane, 273 
Genes. 288-297. 295 , 

Geology and evolution. 342-345 
Germs. 166 
Giants, 216-218. 217 
Gill slits, 332-333 
Gills, 23 

Giraffe, 298. 298 

Glands, Endocrine. 141, 211-221, 219 
Lvinph, 105-112, 106-107, 109 
Glenoul cavity. 40-42, 45 
Glomerular capsules, 230-231, 232, 234 
Glomeruli. 230-231, 232-233 
Glossopharyngeal nerves. 183, 184- 
185. 185 

Glottis, 147. 148 
Glucose, 139-141, 223 
Glutei, 43, 55-57, 57 
Glycogen. 140 
Goblet cells, 125. 125, 128 
Goitre. 213 
Gonads, 316 
Goose-flesh, 169, 205 
Graafian follicles. 218, 220. 260-262 
Great toe. Muscles ol. 56, 61. 62 
Grev matter, 177-178. 184. 191, 101 
192 

Gristle. 9, 20-30 
Growth. 30 

Gullet, 109. 113, 114, 116, 116, 123 
134. 147 


H 

Habits, 275 
Hiumatm, 95 

1 hemoglobin, 95, 152, 156, 158 
lliemorrhuge, 104 

Hair, Roots of, 160. 169. see also 
Follicles 

standing on end, 205 
Hairs. 168-170. 169-170 
Hammer bone, 211. 252, 253 
llamstriiiKH, 55-56, 59, 59-60 
Hand. 14, 16-18, 51 
Arteries of, S3 

Development of, 357, 358, 359 
Joints of, 46 
Muscles ol. 48. 49, 51. 52 
Nerves of, 203 
Harc-lip, 293, 29 i 
Harvey. Win . 69 
Hassall, ( 'orpuselas of, 220 
Head, Blood circulation In, 84-85, 87 
91 • 

Lymphatic system of. Ill 
Muscles of, 6‘6\ 07 
Nerves of, 198 
Hearing, 249-254 

Heart, 6. 71-73 72-76, 77, 94, 151, 153 
Muscles, 32, 33, 74-75. 100, 159 
Heat, and muscular activity 161 
Heel, 22-21 60-61 
' Heidelberg man. 359 
Henle, Loop of, 231, 232 
Hepatic artery, 88, 89 
veins, 88, 80 
Heredity. 284, 297-299 
Hei maphroditism, 260. 310 
Hibernation, 163 
Hiccup, 201 

Highmore, Antrum of, 237, 238, 289 

Iiilum. 106, 149, 224, 228 

Hrnd brain. 174-175. 174-176, 182, 186. 

187-188 
Hip bone. 20 
girdle, 6, 9, 15 . 19 
Joints, 53-54, 53-54 
muscles, 57 
Hips, 15 

Homo sapiens, 815 
Hormones, 210-221 
Horse, Evolution of, 343, 344-350, 346- 
347 

Horseshoe kidney, 22’ 






HtpokM mare. 183 . 184, 185 , 186 


Ichneumon fly, 352 
Ichthyosaurs, 354, 354 
Ueoceeoftl valve, 131-132 . 135 
Ileum, 90, 180-131, 134 
lilac arteries. 71, 86. 88-89 
veins, 71, 86, 88-89, 89 
lliacus, 54. 64-55, 57 
Ilium, 19, 62, 53-54. 57 
Impregnation, 262 
lndsors, 30, 116-117, 117 
Infectious diseases, 302 
Inflammation, 110-112 
Infundibulum, 215 
Inguinal ligament, 53. 54, 55 
Inhalation, 143, 153 
Innominate kmes, 15-10, 20, 53 
Insects, 322, 324, 325, 352 
Instinct, 282-284, 285 
insulin, 103, 140-141, 211, 218 
Intercostal muscles, 37, 38, 39, 43, 109 
Internal capsule, 181. 182-183 
Interossei, 52, 02 
Intestinal Juice 128 
Intestine, Large, 90, 113, 111, 122, 130 
131-133, 134-135, 137 
Small. 90, 113, 114, 122-123, 120. 
127-128, 130-131. 130-131, 134, 
139-140 

Involuntary muscle, 32 
Iodine, 213 
Iris, 242, 245, 247 
Iron, 95, 97 
Irritability, 172 

Ischial lulierosities. 15, 19-20, 53 
Ischium, 19, 53 
Island Of Beil, 180. 180 


Java man, 27, 359 
Jawl>one, mr Maxilla 
Jaws, 118 , 119 
Jejunum, 90, 130, 134 
Jelly fish. 172, 31(1, 316-317 
Joints, 31-08 

Jugular veins. 71. 85. 89. 91, 93, 109 


kangaroo. 341..VJJ 
Katabollsm, 304 
Ketosis, 139 

Kidneys, 71, 88, 93, 9(1, 141, 222, 
234, 224-228, 231-233 
floating. 227 
Kiwi, 350, 356 
Knee cap, 58. 5b 
Jerk, 68. 275 

Joint, 16-17. 20-21, 57, 58-59, 5 
Krause. End bulbs ol, 197, 199 


lachrymal bone, 25, 27, 243 
canal, 245 

duct. 144, 145, 244. 245 
gland, 244, 245 
sac, 244, 245 
Lacteals, 108, 130, 14 1 
Lactic acid, 140, 156 
Lamprey, 381,331 
Lancelot, 328,330 
Langerhans, Islets of, 140, 141, 218 
Larynx, 116. 121. 143, 146-149 . 147 
Latissimus dorsi, 37, 39, 41, 41, 43 
Laughing muscle, 66, 67 
Left-handedness, 181 
Leg, 89, 110 
muscles. 55-56 
Nerves of, 205 

Lens Of eye. 174, 242, 246, 246. 248- 
249 

Leucocytes, 76, 95. 98, 98-99, 100, 
110*112 

Levator muscles, 88, 40, 43, 66, 67 
Life. Age of, 344, 850 
Lift, Meaning of. 802 
origin of. 802. 808 
Ligaments, 6, 9, 84, 58. 64 


t <*,85*158 

w. arwtdftt 96, 114, 122,127, 128, 
129-130. 182, 138, 140-141. 211 
Lobes of lungs, 149 , 151 
Lobster, 320, 321-322 
Lobules of liver, 128 

T/vlf.ijnu A7 

Locomotion, Animal, 366-358 
Long sight, 249 
Iiongissimus dorsi, 33, 35 
Lumbar bones, 6, 6, 9 
Ivmph glands, 109 
nerves, 196. 203, 206 
plexus. 200. 203, 204 
Lumbrieals, 49. 52. 02 
Lung fish. 334 , 335 

Lungs, 6, 38. 71, 73, 77. 96. 143. 149- 
154, 151-153 
Lvmph. 72, 76, 105-112 
Lymphatic duct, 108 
Lymphatics, 105-112, 106-109, 111 
Lymphocytes. 98. 100 . 105, 107. 112, 
221 

M 

Macula, 242. 247 
Malar bones, 23, 25, 27 
Male organs, 263 

Malleolus. External and internal. 10- 
17. 20 

Malpighian bodies, 221 
Mammals, 34, 314, 341 
Mammarv glands, sfc Breasts 
Man. Evolutionary developing il of, 
358-363 

Manubrium, 11, 11 
Mai row, 30, 99 

Marsupials, 103. 314, 341, 350 
Massctei, 115. 118, 119 
Mastoid anti um, 251 
lione, 26, 27 
cells. 252 

process, 20, 251, 252 
Matrix ot nail, 167-168 
Maxilla, 23, 25, 27, 28, 30, 115, 118, 
237-238, 243 
Maxillary sinus, 145 , 145 
Meat), 145, 237, 238 
Median nerve, 201 . 202-203, 203 
Medulla oblongata, 9, 18. 87, 175, 175- 
176, 182. 185-188, 188, 19b 
of Kidney . 228, 230, 232 
Medusa*. 316, 316-317 
Meikinuan glands, 244 
Membiane bones, 22 
Membianes of brain, 190, 190-191 
Memoiv. 280-281 
Ancestral, 276 
Mendel, (1 . 2K6-288 
Mendehsm. 287, 288 
Meninges, 190-191, 190-19 , 

Meningitis. 190 
Menstruation, 220, 262 
Mentalis muscle. 66-67, 6, 

Mesoderm, 268-269, 318 
Metaliolism. 140. 301. 310 
Metacarpal bones, 14, 16. 48 
Metatarsal kmes. 17-18. 60, 02-63, 63 
Micturition, 229 

Midbiam. 174-175. 174-176, 180 
Milk, 270 

Mimicry, 294. 323-325 
Mind. 171. 272-275 
Minei al salts. 137 
Mitial valves, 72, 74 
Modiolus, 252, 254 
Molars. 30, 116-117 . 117 
Molluscs. 326, 327, 351 
Monotremes, 314, 341, 356 
Morula, 267, 267-268 
Motoi cortex. 179, 195 
decussation, 195. 195-196 
neives. 171. 193, 195-196. 199-200 
Moulds. 309 

Mouth. 113, 115, 116, 118-119, 143 
Muscles of. 67. 67 
Mucin. 119 

Mucous membrane, 119 
ot stomach. 125, 125. 127 
Mucus, 119, 125, 145 
Mudhopper, 335 
Mumps, 113 
Muscle sense, 277-278 
Muscles. 81-68 

Muscular coat of stomach, 123 , 123 
Mussel, Internal organs of, 215 


notations, 292*293, 298 
Myelin. 176-177. 177 n 
Mylohyoid muscle.*121, W 
Myrlapoda, 322 , 322 
Myxoedenia, 213 

N 

Nails, 15. 167, 167-168 
Nares, 143, 237 

Nasal kmes, 23, 26-27, 143, 237, 237- 
238, 243 

Nasal duct. 238. 239, 244 
Natural selection, 285, 292-293 
Navel. 94, 06. 269 
Neahdertlml man, 28, 29, 359 
Neck. Arteries ol, 85 
Lymphatic system of. 111 
Muscles, 34-35 
Nerves ol, 198 
Veins of, 91 
Nephritis, 233-234 
Nereis. 318 

Nerve cells. 171-172. 172, 176-177. 177, 
192, 197, 199 
endings, 166 

fibres, 171-172, 175-177 177 102- 
194. 197 3 

Nerves, 171, 255-257 
Nervous system, 171-209 
Primitive, 172 
Nervus erigcns, 209 
Neural till>e 173-174^ 173-174 176. 

191 

Neurilemma. 170-177, 177 
Nemoglia, 176, 178, 179 
Neill oils, 176, 177-178, 178 
Night kindness, 138 
Nipples, 270 
Nissl bodies, 176, 171 
Nitrogen, 141, 155-156, 304 
Nose, 23. 26-27, 116, 143-144 . 143-147. 
236-241, 237-240 
bleeding, 145 

Wings of, 143, 143, 237, 238 
Nostllls, 23. 143, 145-146. 237, 237-238 
Notochord, 5-6, 328 
Nucleus, 176. 177, 310-312 
Nutrition, 113-141 


Obelia, 316-317 

Oblique, External. 28, 36. 37. 39 
Internal, 36, 37 
Occipital artery, 85 
kme. IK, 20, 25-26, 175 
muscles, 66, 68 
nerves, 198, 201 
Octopus, 326, 327, 352 
Oculomotor nerve, 183-185, 185 
Odontoid process, 9. 175 
(Esophagus, 109, 113, 114, 116 116, 
121, 121, 123, 134, 146 
(Estrm, 218, 220 
Oil glands, 164, 160. 170 
Oleeianon process, 13-14. 15, 42, 45-46 
Olfactory bulbs, 184. 240, 240 
nerve. 87, 145, 183. 184, 185, 198, 
239-240, 240-241 
surface, 145 
tracts, 184, 240 
Onychopbora, 323 
Opossum, 356 
Opsomns, 98 

Optic clmisma, 183, 185, 185, 247 
nerve. 87. 174, 183, 184-185. 185. 

198, 243, 247, 248, 283 
tracts, 185, 247 

Orbicular muscle ol eve, 66, 67 
Orbicularis oris, 65, 66, 119 
Ossicles, 250-252, 251, 253 
Ossification, 29-30 
Ovanes, 218, 260-201. 261 
Oviducts, we Fallopian tulies 
Ovulation, 262 

Ovum, 172, 173, 260-268. 262, 267, 
313, 315 

Oxygen, 95. 97. 142, 152-159, 304, 307 
Oxy-liiemoglobin. 97, 156 
Oxyutic cells, 125-126 


Paciman bodies, 199 , 199 
Pam, 199 
Palate, 27. 30. 230 
Cleft, 27 
Hard. 115, 116 
Soft, 115-116, 116. 121 



Palatine bones, 27 
Palm, 14, is 
Palmar arches, 83, 83 
Pancreas, 90, 114, 126-127, 127 . 130, 
133, 140, 140-141, 210-211, 218, 
226 

Pancreatic ducts, 127, 133, 140, 140 , 

Juice. 127-128. 140, 140, 210 
Papillae, 165, 168 
Paramoedum, 312-313 
Parasitism, 309 

Parasympathetic system, 208-200 
Parathyroid glands, 213-214 
Parietal bones, 18, 25 
lobe, 179, 179-180. 

Parotid duct, 113, 115 
Blands, 113, 114-115 
Patella, 17. 58, 59 
Patellar tendon, 58-59 
.Pavlov, 1 JL\, H9, 276 
Pectoralis major. 37, 39-40, 40-42, 47 
Pekin man, 27 
Pelvic cavity, 15-16, 19 
floor, 36 
nerve, 209 
plexus, 206 

Pel ™ ; jf. 6. 7, 20, 52-54, 53-55. 137, 
chit 


of kidney, 228, 228, 230. 231 
Penis, 263-265, 263 
Pepsin, 125-126 
Peptic cells, 125 
Peptones. 126. 128, 130 
Percussion of chest, 159 
Pericarditis. 74 
Pericardium. 73-74 
Peripatus. 320, 323 
Peristaltic waves, 123, 126, 130, 133, 
205. 317 

Peritoneum, 137 
Peroneal muscles, 64 
nerves, 205, 205 
reroneus. 55, 61 
Personality, 274 
Perspiration, see Sweat 
Phagocytes. 98 
Phalanges. 14-15, 18, 48, 50 
Pharynx, 113, 116, 116. 120-121, 121. 
143, 146-148 
Nasal, 146 
Phenacodus, 346 
Photosynthesis, 304 
Phrenic artery, 88 
nerve, 200, 201 
Put mater, 190. 190-191 
Pigment, 165, 167 
ol hair, 169-170 
Pillars of fauces, 116, lib, 11 s 
Piltdown man, 27-28. 359 
Pineal gland. 182, 184, 339 
Pinna, 250 

Pithecanthropus erectus, 27, 345, 359 
Pituitary bodv. 101 
gland, 22, 26. 182, 180. 215-218 
215-217, 273-274 


Pituitnn, 103 

Placenta. 94. 96, 220, 267. 268 271 
341 

Placentals, 317, 341 
Planaria, 317. 318 
Plankton, 809 
Plantar ligament. 02 
Plants. Development ol, 352, 352-353 
Living process of. 305-300, 305 


Origin of. 304 
Plasma. 76, 95 
Platelets, blood. 98 
Platypus, Duck-billed. 297, 297, 341 
Platysma, 35, 66, 07 
Plesiosaurus, 354 
Pleura. 150-152. 150, 153 
Pleural cavities, 150. 153 
membrane, 149-150 
sac. 150-152 
Pleurisy, 152 
Plexuses, 200-201 
Pneumonia, 159 
Polymorphs, no- 112 
Polyps. 816-317 

Pouh, 175. 176, 182. 185-186, 188. 188 
Popliteal artery, 71, 86, 89 
vein, 71, 86, 89 

Portal vein, 89. 90, 128, 132. 140 
Position. Sense of, 199 
Poupart, Ligament of, 53 
Pregnancy, 265 
test. 220 



Prepuce* 
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Sense of, 199 - « 

Primates, 314, 841-342, 345 
Proxestion, 218, 220 
Prolactin, 216 

Pronation. 13, 46, 4T, 48. 58 
Prosecretion, 210 
Prostate gland. 263, 263-264 
Proteins, 113, 126, 130. 133. 135. 139 
141, 224, 302 
Protophyta, 313 

Protoplasm, 176. 177, 304. 310. 313 

Protozoa. 309-313 

Pseudopodia, 310 

Psoas. 54. 54-55. 57, 109, 204 

Psyclio-amilvsis, 280-284 

Psychology. 272 

Pteranodon. 354 

Pterodactyl. 354 

Pteijgoid muscles. Us 

Ptvalin, 119-J20 

Puliertv, 218, 220, 265 

Pubis, 20, 53 

Pulmonary arteries, 72, 73 75 78-79 
82, 93-94, 94. 151 . 153 
plexus, 206 
veins, 90, 94 

Pulse, 79-80, 81, 90. 94. 95 
Pupil ot eye. 245, 247 
Pus, 1 12 
Pvloric null, 123 
sphinctei, 123 
valve, 125 

Pvlorus. 123, 123. 126 
Pyramidal tracts, 195 
Pyiamids of kidneys, 228, 230, 23 1 


Q 

Quadriceps femons, 58-59 


R 

Radio-active sulxstances, 342 
Itadius, 4. 13-14, 16, 42. 45, 45-46, 48 
Rami. 23 

Ramus comm im leans, 207, 208 
ot jaw, 118, 119 
Reactions, Automatic, 157 
Recessive chaiai I, eristics, 288 
Pei ti abdominis, 30. 37, 39 
Rectum, 36, 90. 118. 114, 122, 132-133. 
131, 137, 260 

Deduction division, 290, 291 
Keflex action. 187, 192-193, 193, 274- 
276 

arc. 192-193 

Regurgitation ol blood, 75 
Renal artery, 88, 228. 231. 23: 

vein, 88, 228. 232 
Jtenmn, 126 
Reproduction, 258-271 
m amoeba, 310-311 

Reptiles, 6. 11. 1.5, 224. 336-339, 352- 
354, 354-355, 358 
Respiration, see -Breathing 
Rate ol, 154, 155. 156 
Respiratory centre. 156-157, 159 
Return. 174, 174, 242, 246. 247, 283 
Rheumatism. 53 
Rhodesian man, 359 
Rhomboid muscles, 40. 43 
Ribs, 6, 8. 9. 10-11, 12, 39, 152-15 
Rickets, 138 
Rlsorlus, 66, 67 
Rods and cones, 246 
Roots of plant, 305, 305 


S 

Saccule, 254, 254-255 
Saceulma. 326 
Sacral bones, 6, 6 

nerves, 196. 204, 204. 206 , 207, 209 
plexus, 200. 204, 204 
Saero-spmal muscle, 33, 35 
Sacrum, ti. 6, 7, 9. 15. 19. 53. 57 
Saline solution. 104 
Saliva, 115, 115. 118, 119, 277 
Salivary glands, 113, 115, 115, 119- 
120 , 120 

Salts. In urine, 232 
Sandworm, 818 
Saphenous nerves, 204, 205 
veins, 89, 89 
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Soatene muscles, 86, 87, 89 

Scallop, 326, 827 

Scaphoid bone. 16-18, 17, 22-23, 61 
Scapula, 4, 7. 12. 39-40, 40-41 • 

Sdatic nerve, 17J, 204-205, 205 
Sclerotic, 242. 244 
Scorpions, 360, 351 
Scrotum. 263 
Scurvy, 138 
Sea anemones, 172, 817 
lilies, 348 

scorpions, 350. 351 
Hduirt. 329, 331 
urchin. 328-329, 33 L 
Sebaceous glands, 164 ; see also Oil 
Blands 

secretion. 166 
Sebum. 166 
Secretin, 210 

Secretions, Internal. 141, 210-221 219 
segmentation, 318. 320. 320-321 ’ 
Selection. Natural, 363 
Self-pieservatiun, 282 
Scnucirculai canals, 252, 253 254 
Semilunar cartilages, 58 
valves, 74-76 

Seim-menibraiiosuH. .55-56, 59 59 
Seminal fluid, 262-266 
vesicles, 263, 263-264 
Semi-tendmosus, 55-56, 59, 59 
Senility, 1 'remature, 218 
Senses. 235-257 
Sensory cortex, 179 
Sensory decussation, 194, 194 
Sensory nerves. 171. 194. 196 
Septum of nose. 23, 26-27, 143 14 j 
145. 146, 236-237. 237-238 ’ 
Serous io.it of stomach, 123. 123 
Serratus, 37, 39, 39, 41 
Serum. Blood. 99 
Sex. 258-271 
deteinimation, 269, 292 
differentiation, 312 
in aniifba, 31 1 
m evolution, 312 
instinct, 283-284 
Origins of. 311 


Sexual charm tors, Secondary, 218, 265 
Shark, Internal organs of, 225 
Shells ol toi.unimfcra. 308 
Shin, ste Tibu 
Short sight. 249 

Shouldoi blade, 7, 12, 12. 13, 40-41 

Shoulder joint, 13, 89-40 

Slmuldei muscle, 40, see also Deltoid 

Sight. 242-249. 283 

Sigmoid flexure. 90, 133, 137 

Sinus. Prontal. 116 

Sinus of kidney, 228. 230 

Sinuses, 27, 145-146, 145, 237-239, 239 

Sinusitis, 146 

Skeleton, 4, 5-30, 321 

Skin. 68, 160, 1(51-170. 164-166, 168, 


Skull. 9, 18-29. 24-26, 361 
Sleepv sickness, 273 
Slippei animalcule, 312 
Smell, 117, 145, 235-242 
Snail, 350 
Sneezing, 150 
Solar plexus. 206, 208 
Sole of loot, 62, 63, 64 
Soletis, 55-56, 60-61, 61 
Speech. 180-181 

Spermatozoa, 260, 262, 262, 265. 265 
313. 315 
Sphenodon, 338 

Sphenoid bone, 20, 22, 25-28. 237, 238 
243 

Sphenoidal sinus, 144, 145. 237, 230 
Sphincter of urethra. 220 
Sphygmograph, 90 
Sphygmomanometer. 80-81. 81 
Spinal column, 6, 84 
Spinal cord. 10. 18, 175, 175-177. 191- 
192, 101-209, 194-195, 208 
Spinal ganglion, 208 
Spinal nerves, 196, 197, 199, 199-200 
Spinalis, 33, 35 
Spine. 6-7, 6, 9, 19, 24 153 
Spinous processes, 9 
Spireme, 289 
Splanchnic nerves, 2 i*> 

Spleen, 90, 220-221, ss21 
Splint bone, 23, 346 
Sponges, 314 



a*t 


Ju, 120; 180, 188-184, 189 

gtetfeh, 826, 328-329 
, Stegosaurus, 357 
&tenoS& 75 

Sternomastoid muscles, 34-36, 36, 37, 
■ 43. 66 

Sternum, 4, 70-12, 11 
Stethoscope, 75, 61 
Stimulus, Nervous, 275 
Stirrup-bone, 252, 253 
Stomach, 90, 93, 114, 122-124, 123-126, 
133 

Stratified rocks. 344 
Striated muscle, 32, 33 
Styes, 244 
Styloglossus, 121 
Styloid process, 14, 16, 27, 121 
Subarachnoid space, 100* 

Subclavian arteries, 71, 82. 63. 85, 93 
veins, 71, 107, 109 
Sublingual ducts, 113 , 115 
glands, 113, 114-115 
Submaxillary ducts, 115 
glands. 113, 114-115, 115 
Submucous coat, 123, 123. 125 , 128 
Subthalamic region, 200 
Sugar, 113, 120, 130, 134, 130-140. 157 
Sunlight, 804 
Supination, 13, 40, 48, 58 
Supinator brevis, 47, 48 
Supraorbital ridges, 10, 23, 25 
Suprarenal artery, 228 
glands, 88, 208. 214-215, 214, 226, 
227, 228, 274 
vein, 228 

Sustentaculum. 23, 02 
Swallowing, 120-123 , 121 
Sweat. 166. 205, 234 
glands, 164. 104-160 
Swim-bladder, 333 

Symmetry, Bilateral and radial, 318, 
328-329 

Sympathetic ganglion, 207, 208 
nerve, loo 

system. 206, 207-209. 208, 274 
Synapses. 178, 178, 193-105 
Synovial membrane, 34 
Systole, 70, 78 
Systolic pressure, 80-81 
Systolic sound, 70 


T 

tadpoles, 335-330 . 336 
Tail. 9, 328 

Tailor’s muscle, 37, 55, 59, 50 
Taming of animals, 286 
Tarsal bones, 17. 22. 60 
Tarslus, 362 
Tarsus, 17, 61-62 
Taste, 117, 118, 235-230 
Taste-buds, 117, 118, 235, 236 
Tear duct, 27, 244 
gland, 239, 244, 245 
Teeth, 30, 115, 116-117, 117 
Development of. 333 
Nerves of, 190 
Teleosts. 332 , 333 
Temperature, Bodily. 102, 101-170 
Temporal artery, 85, 86 
bone, 20, 23. 25-27 
lobe, 22. 179, 179, 183, 184 
muscle, 28. 27, 118 , 119 
Tendons, 5, 32. 50 
Tennis elbow, 43 
Teres ligament. 53, 53 
major, 41, 41-42 
minor, 42 

Terminal connexions of nerves, 172 
Tertldes. 263, 263-265 


INDEX 


Testosterone, 220 
Tetanus, 67 
Tetany, 218 

Thalamus, 174, 181, 182-184, 194-195, 
104-195 

Thigh bone, 7. 21. 53-54, 58-59 
muscles, 54, 54. 57, 57 
Thoracic bones, 6, 6, 10 
duct, 107, 108, 109, 141 
nerves. 196, 201, 202, 203, 206 
Thorax, 4, 10, 149, 152 
Throat, lift. 116, 144, 146 
Thumb, 14. 48. 50. 52. 63 
Thymus. 220-221 
Thyroid. Artery of, 82 
vein. 91 

cartilage, 121, 146, 148, 149 
gland. 34, 116, 121, 211-213, 212- 
214, 273 
of frog, 212, 335 
of lamprey. 331 
Thyroxin. 211 

Tibia, 4. 10. 20, 58-tt0, 55, 60 
Tibial arteries. 86. 89 
muscles, 55-56, GO-61, 01-62, 64 
nerve, 204, 205 
veins, 86, 89 
Toadstools, 309 
Toes, 18, 23 
Tone, Muscular. 31, 183 
Tongue, 115. 115-116, 117, 118, 118, 


Tonsils, 116, 116, 118, 144, 146 
Touch, 197 

Trachea, are Windpipe 
Transverse arch of foot, 68 
Trapezium, 16-18 
Trapezius. 34-35, 37, 42. 43. 66 
Trape/oid, 16-18 
Tree oi life, 188 
Triangularis sterni, 39 
Triceps, 41-42, 45-46, 47 
Tricuspid valves, 74 
Trigeminal nerves. 183, 184-185 , 185 
Trilobites, 350 . 350 
Trochanters, 16, 21, 55, 57 
Trochlea, 14 

Trochlear nerve, 183, 184-185 , 185 
Trophoblast, 267, 268 
Trunk, upper. Arteries and veins of, 93 
Trypsin. 127-128 
Tuatara, 338-330, 340, 356 
Tubercles, internal and external, 23 
Tubules of kidney, 230-231, 232, 233 
Turbinate bodies. 237. 238 
Turbinated bones, 145 
Turkish saddle, 20, 22. 26, 28, 186. 215 
Tympanic membrane, 250, 252 
Tyrannosaur, 354 


U 

Ulna. 4. 18-14. 16, 42. 45. 45-46, 48 
Ulnar arterv, 82, 83 
nerve, 202-203, 203 
vein, 82 

Ultra-violet rays, 304 
Umbilical arteries. 96 
cord. 04-05, 96, 268, 269, 271 
vein, 04, 96 
Umbilicus, see Navel 
Unconscious mind. 276, 280-282 
Unguiculates, 341 
Ungulates. 341 
TJnstriated muscle, 32, 33 
Uramia, 233 
Urea 141. 232-233 
Ureters. 88, 226-228, 228-229, 231 
Urethra, 228-220, 229, 263, 263-204 
Uric acid, 232-238 
Urine, 140, 220. 231-234 


utricle, 254-255, 254 
Uvula, 116. 118, 144&46 


V 

Vagina, 36. 200, 260-261, 262, 266 
Vagus nerves. 100, 183, 184-185. 185 
187, 188, 206, 200 
Valves of heart. 72-75, 72 
of veins, 78, 78 

Valvular disease of heart, 74-75 
Variations, Evolutionary 285-286 
286, 363 

Varicose veins, 89 
Vas deferens, 263, 263 
Vaso-constrictor nerves, 100-101 
Vaso-dilator nerves. 100-101 
Vater, Ampulla of, 126, 127 
Vault of skull, 18-19, 22 
Veins, 71. 72. 75, 77-78, 78, 86-80 
Vena Cava. 71. 82. 88, 89. 93-94, 94,1 
96, 151, 226-227 

Ventricles (of brain), 174-175, 181-1 82i 
182, 184, 186, 188-190, 180 
(of heart), 72-70, 72-73, 78. 79. 82 . i 
90, 94, 94. 96 1 

Venules, 165 
Vertebra, 6. 9-10, 34 
Vertebral column, 4, 7 
Vertebrates, 5. 7. 15, 314 
Age of, 350 
Brain of, 173 
Origin oi. 328 
Vastigial organs, 302 
Vibrissa, 145 

Villi, Intestinal. 108, 127, 130-131 . 131 

Vlrusas, 302 

Visual cortex, ISO 

Vita) centres, 188 

Vitamins, 134, 137-138 

Vitreous humour, 246 

Vocal cords. 116, 146, 148, 148 

Voice- box, see Larynx 

Voluntary muscles, 32, 33 

Volvox, 312-314, 313 

Vomer 20-27 


W 

Walking, 02 
Warmth, Sense of. 199 
Waste, Body’s disposal of, 223-224 
Water. 135, 137 
Body's loss of, 223, 233 
Watson, J li . 276-277 
White mattei. 177-178, 188, 191, 191 
192 

Willow. Weeping, 286 
Windpipe, 110, 121, 143, 146-147, 147 
148. 149, 151 
Wisdom teeth. 117 
Woiub, 30, 260. 200. 271 
Worms, 318 

Wrist, 14, 45. 48. 50, 50. 58 
Writing, 180-181 


X 

Xerophthalmia, 137 

Y 

Yawning, 150 
Yeasts, 300 , 309 


Z 

Zygomatic lione, 26-27 . 243 
muscle 66-67, 67 
Zygote. 311-312 
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